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OmicaHbi HOBbie Kap6nnbi BO.ibc^paMa, .lernpOBaHHbie 4>TopoM b KOJinnecTBe ao 
0,5 Bee. °b, h bo3mo>kho 4)Topyiviepo3HbiMii komiio3HIIJLHMii. Mx nojiyneHiie 
bo3moxcho HOBbiM cnoco6oM xHMHMecKoro ra3o4)a3Horo ocaacaeHiLH, BK-uonaiomeii 
reKcac|)Topiu Boab4>pa>ia, Bcxaopoaa h yrjiepo^coaepacaiiiero ra3a. 
OcooeHHOCTbio HOBoro cnoco6a XB.weTca npe3BapiiTe.ibna* TepMiinecKa* 
aKTHBami5i ymepoacoaep:Kaiiiero ra3a. 

Kap6iuoBOJib4)paMOBbie noKpbiTHH HaHOCHTCH Ha KOHCTpyKixiioHHbie >iaTepna.ibi 

H H3 HHX. OHH HMdOT nOBblllieHHbie H3HOCOCTOi'lKOCTb , KOpp03I10HHVTO 

H XHMHMeCKVIO CTOHKOCTb. 



HCKJIIOHMTEJIbHO JXJIH UEJIEM MH<POPMAUMM 

Koiibi. ncnonb3yeMbie ima ooo3HaMeHH* CTpaH-MJieHOB PCT Ha THTVJibHbix jmcrax 6poiuK)p. b KOTopwx nyojiHKyiOTca Meacaynapoimbie 

3a«BKM B COOTBeTCTBMH C PCT. 
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KAPBHflOBOJIbOPAMOBWE nOKPMTHH H CnOCOB HX 

H3rOTOBJIEHHJI 

06jiacn> tcxhhkh 

5 H3o6peTemie othochtch k TexHOJiorHH HaHeceHra komtio3HUhohhmx 

nOBepXHOCTHblX CHCTeM, 06jiatfaK>HIHX BblCOKOH H3HOCO-, 3p03H0HH0- H 
XMMHMeCKOH CTOHKOCTbK). BoJiee TOHHO, H306peTeHHe OTHOCHTC* K TeXHOJIOITUI 

HaHeceHna noxpbiTHH , KOTOpbie BioiiOHaiOT Kap6nAbi BOJib4>paMa, hx cmcch 
Meacay co6oh, c BOJib4>paMOM hjih co cboooahmm yrJiepoflOM. 

10 Oco6oTBepflMe, 3p03H0HH0- H KOpp03HOHHOCTOHKHe nOKpblTH*, B TOM HHCJie c 

ncno-ib30BaHHeM Kap6itaoB BOjn>4>paMa, ruHpoico Hcnojn>3yioTc^ /um 

H3rOTOBJieHHH pa3^HHHbIX H3.aeJIHH H HHCTpVMeHTOB B COBpeMeHHOM 
MaillHHOCTpOeHHH. TaKHe nOKpblTHfl o6jia,aaiOT BblCOKOH 3p03H0HH0H, 
XHMHMeCKOH H H3HOCOCTOHKOCTbK) , H TaKHM o6pa30M CymeCTBeHHO nOBblUiaiOT 
15 CpOK C-T\OK6bI pa3-lHMHbIX H3jae,THli ManiHHOCTpoeHHH H HHCTpv MeHTOB , 

pa6oTaK)UHHX b jkcctkhx 3KcmiyaTauHOHHbix vcjiobhax. 

ypOBeHb TeXHHKH 



20 B naTeHTe GB 2 179 678 A onHcaHa noBepxHocTHaa KOMno3HTHa* CHCTeMa c 

BblCOKOH H3HOCO-, H 3p03H0HH0H CTOHKOCTbK), COCTOJUIiaJl H3 CMeCH BOJIb(J)paMa 

A-t* o6ecneneHHH n-iacTHMHOcra h Kap6mia BOJib^paMa W 2 C xjw o6ecneHeHH^ 
TBepaocTH. 3th TBepiibie noKpbmw H3 MejiK03epnHCTOH CMecH Kap6iiaa 
BOJib<i>paMa c MeTajinHMecKHM BOJu>4>paMOM 6bi.au nojryHeHbi mctoziom 
25 <J)H3HMecKoro ra30<J>a3Horo ocaacaeHHH (PVD), rryTeM pacnbuiemiH BOJibc^paMa 
h yiviepofla, coaep^Kanmxca b oxae;ibHbix MHineH^x. Ha nofljioaacax pa3jmHHoro 
Tuna BOJibcJ)paM h yrjiepoa KOHtfeHCHpy iotch, o6pa3yn Ha3BaHHbie cnJiaBbi 
BOJib<J>paMa c Kap6iiziOM BOJibcJ)paMa. 

O/maKo, cKopocTb CHHT63a Kap6itaoB BOJn><J>paMa oneHb HH3Ka, BHyTpeHHHe 
30 Hanp^^ceHH^ b ocaxucax pe3xo B03pacrai0T no Mepe pocrra BOjn>4>paM-yrjiepozmoro 

CJIOH, MTO npHBO^HT K OTCJI aHBaHHK) IIOKpblTHH. IIo 3TOH IIpHHHHe IIOJiyHHTb 
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AOCTaTOMHo TOJicn>ie noKpbiTHH PVD-MeTOflOM He yaaerca. KpoMe Toro, Merofl 
4>H3HMecKoro rasotpasHoro ocaameHH* npHHUHimaJibHo He npHrofleH ajih 
HaHeceHHH hokpwthh na HSflejm* cjiohchoh reoMexpHH H3-3a hcbosmojkhocth 
ocaacaeHHH noicpbiTHH Ha saTeHeHHbix no othoihchhio k nanaioiueMy nyroy 

5 ynacncax wsnenna. 

npouecc xHMHnecKoro rasocpasnoro ocaacaeHH* (CVD) HCKJiKwaer arn 
HeflocTancH. CVD-npouecc MoaceT 6bin> HcnojibsoBBH flJia HaHeceHHH a6pa3HBHo- 

, 3 P 03HOHHO- H H3HOCOCTOHKHX, TBepflblX nOKpblTHH Ha HOflJIOHCKaX H H3fleJIHflX 

cjioHCHoii reoMeTpHH. 

10 B THHUHHOM CVD HpOUeCCe HaHeceHHH KOMnOSHTHblX nOKpblTHH ncwioJKKa 

HarpeBaerca b peaiawoHHOH KaMepe h saxeM npeflBapirreJibHO cMemaHHbie 
ra 3 oo6pa3Hbie pearenxbi BBoa*TC* b 3Ty KaMepy. HsMeHeHHeM cocraBa 
peaKHHOHHOH cMecH h napaMeTpoB npouecca ( T eMnepaTypa hoajioskkh, cocTaB 
peaKiinoHHOH CMecH, CKopocTb noxoKa, o6mee aaBJieHHe b peaKUHOHHoik cMecn, 
15 -TCMnepaTypa -BoaasaeMbix rasoB h t.j.) Moryr 6uxb nojiyneHbi .pasjiHHHbie 

nOKpblTHH. 

CpejH CVD-MemaOB OCa>KfleHHH W-C nOKpblTHH TOJIbKO CpTOpliaHMH MCTOfl 

nosBO.iHeT (popMHpoBaTb Kap6Hflbi BOJibcppaMa BbicoKoro KanecTBa npn hhskoh 
TeMnepaType. fljra 3-roro b CVD npouecce Hcnojn>3yioT TepMireecKoe pa3JioaceHHe 
20 CMecn reKcacpTopaaa BOjnxppaMa, Boaopoaa h yrjiepoflcoaepacamero ra3a. 

B KanecTBe yrjiepoacoAepacamHX ra30B HcnoJibSOBajmcb pa3JiHHHbie peareHTbi, 
HanpHMep, aHMerHJiacpHp, aMHHbi, nponHJieH h t./i., c noMombio KOTOpbix mojkho 

CHHTe3HpOBaTb Kap6Hfl BOJlbCppaMa OZIHOrO HJIH flBVX COCTaBOB. 

HanpHMep, npn noMomn TepMHHecKoro pa3JioaceHHH flHMeTHJiatpHpa (DME) 
25 [En 0 328 084 BI] nojryneHbi CMecn W+W 3 C; W+W 2 C+W 3 C; W+W 2 C b Bnae 
^Byxc/ioHHbix noKpwTHH. Bojn><ppaMOBMH BHyTpeHHHH cjioh noKpbiTHH noJiyneH 
H3 rasoBoii CMecn WF 6 (0,3 ji/mhh), f| (3 ji/mhh), At (4,0 ji/mhh) npn 
460oC. BHeuiHHH cjiioh H3 cMecn BOJib(ppaMa c W 3 C nojiyneH H3 CMecn WF 6 (0,3 
ji/mhh), H 2 (3 ji/mhh) h DME (0,4 ji/mhh) npa 460<»C h o6meM AaBJieHHH 
30 40 Top. BHeuiHee noRpwrae W+W 2 C+W 3 C noJiyneHO H3 CMecn WF 6 (0,3 
ji/mhh), H 2 (3 ji/mhh) h DME (0,55 ji/mhh) npn 460<>C h o6meM aaBJieHHH 
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40 Top. BHenmee noKpbrrae W+W 2 C nojiyneHO H3 cmcch WF 6 (0,3 ji/mhh), H 2 
(3 ji/mhh), At (4,5 ji/mhh) h DME (0,85 ji/mhh) npn 460oC h o6meM 
aaBJieHHH 40 Top. 

no naTeHTy JP 9113527 A 19910204 H3 ra3oo6pa3HOH CMecH WF 6 , H 2 h hmhhob 
5 C aTOMHbIM COOTHOUieHHeM C k N paBHbiM 1-20 h H k W paBHbiM 1-15 npn 400- 
900oC nojiyneH WC. npHBeaeHO nojiyneHHe WC H3 CMecH WF 6 :TpHMenuiaMHH: 
H.=l:2:3 (aTOMHoe cooraonieHHe C/W=6,0, H/W=6,0), cKopocTb noTOKa 120 
cm 3 / mhh npn 800oC, aTMoccJ>epHOM o6meM ziaBJieHHH, b TeneHHe 30 mhh b Bume 

CJIOfl TOJIUIHHOft 70 MHKpOH. 

10 no naTeHTy JP 8857301 A 19880310 H3 ra3oo6pa3Hoii cmcch WF 6 , H h 
apoMaranecKoro yrjieBoaopozxa c aTOMHWM cooTHouiemieM C/W paBHOM 2-10 h 
H/C 6oJiee 3 npw TeMnepaType 250-500oC noJiyneHO noKpbirae H3 W 3 C Ha 

nOflJIOHOCe H3 aJIIOMHHHH . 

Corjiacno naTeHTy JP 84280063 A 19841228 H3 ra30o6pa3HOH CMecH WF 6 , C 3 H 6 
15 m H 2 c HHepTHbiM ra30M Ha rpa4>HTOBGH no/uoacKe nojiyneHa noKpi>rrKe.H3 W.C 
npeHMymecTBeHHbiH pe^cHM: cMecb WF 6 :H 2 =1:3-1:15 c ao6aBKOH C 3 H 6 b 
peaKuiioHHOH CMecH c MOJibHbiM cooTHonieHHeM 0 r 01-0,3; TeMnepaTypa noiiJioacKH 
350-6G0°C. 

no naTeHTy JP 84204563 A 19840929 H3 ra3oo6pa3HOH CMecH WF 6 , 
20 (MOJibHoe cooTHomeHHe WF 6 :H 2 =1:3-1:15) h urocjionponaHa c MOJibHbiM 
cooTHoniexmeM b cmcch 0,01-0,3 npn TeMnepaType noiuioacKH 350-600oC 
noJiyneHO noKpbiTHe H3 W 2 C. B npHMepe npHBe^eHo nojiyneHHe noicpbrnia H3 
W 2 C Ha MeflHOH noflJio^cxe H3 cmcch WF g : 40, H 2 : 320, Ar: 40, C^H^: 10 

CM 3 / MHH npH 500°C CO CKOpOCTblO pOCTa 3,3 MHKpOHa/ MHH. 

25 B En A 0 305 917 onncaHbi oco6oTBepabie, MejiK03epHHCTbie, HecTOJi6HaTbie, 
c^oHCTbie BOJib(J)paM-yrjiepo/iHbie cnJiaBbi, KOTOpbie noJiyMeHbi xhmhhcckhm 
ocaacaeHHeM H3 ra30Boii o>a3bi. OnncaHHwe cnJiaBbi coaepacaT Kap6H#Hhie <$>a3bi, 
cocToamne hx W 2 C hjih W 3 C, hjih H3 hx CMecH Meacjiy co6oh. noKa3aHO, HTO 
3TH Bo^b<|)paM-yrJiepoj3Hbie cnjiaBbi, HaHeceHHbie Ha HeKOTopbie ranbi noflJioaceic 

30 co/xepacaT ceroy oneHb tohkhx MHKpoTpemHH no BceMy ocaaicy. noKpbiTHJi H3 
3THX cnJiaBOB o6jiaaaioT He/xocraTOHHbiM conpoTHBJieHHeM k 3po3HH h H3Hocy. 
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B EII 0 411 646 AI onHcaHO MHorocjioiiHoe noKpbrrae, coaepacaiiiee 
nocjiexioBaTejibHo nepeayiomHeca cjioh BOJu>cJ>paMa h cmcch BOJU>4>paMa c 
Kap6HAaMH BOjn>c|>paMa b Baae W 2 C, W 3 C turn hx cMecn. IloKasaHo, hto Taxoe 
noKpWTHe noBbimaeT a6pa3HBHyio h aposHOHHyio croHKOCTb MaTepnajia. OzmaKO 

5 H3B6CTHO , HTO M aKCHMaJIbHblH K0MII03HIIH0HHI>IH SC^eKT Ha6jHO^aeTOI JXJW CJIOeB 

c pe3Koii rpaHHiieH Meacay hhmh. 3toto ecrecTBeHHO He h a6 juo/i aeTCH npH 
conpaacemra cJioeB BOjn>(J)paMa h cmcch BOJib4>paMa c Kap6iiaoM BOJibc^paMa, hto 
xapaicrepHo rjix 3Toro naTeirra. 

10 CyiUHOCTb H3o6peTeHH5i 

KaK cjiejxyer H3 npescTaBJieHHbix Bbiuie naTeHTOB jum nojiyneHH* pa3JiHHHbix 
BnaoB Kap6H,aoB BOJib4>paMa Hcno;ib3yiDTca pasJiHHHbie peareHTbi h paaJiHHHbie 

TeXHOJIOrHH. B CBH3H C 3THM OCHOBHOH 3aflaHeH, peiliaeMOH HaCTOfllHHM 

15 M3o6pe-TetuieM-^B-T5iv-iocb co3naHHe yHiiBepcaJibHOH TexHOJiormi, no3BOJWK>meH 
nojiynaTb Kax Bee H3Becnn>ie Kap6nabi, Tax h hx cmcch, h 6oJiee Toro, HOBbie 
Kap6nabi. 

KpoMe Toro, npoaojiacaeT ocraBaTbca aioyajibHOH h 3a^aHa noBbniiemia 

TBepflOCTH IIOKpblTHH W-C, nOCKOJIbKy HMeHHO C TBepflOCTbK) CBH3aHbI TaxHe 

20 noTpe6nTeiibCKne xapaKTepHCTHKH Kax npoHHocrb h H3HococTOHKOcn> noKpbrrHH. 
PemeHwe sthx h ztpyrnx 3a£an o6ecneHHBaeTC5i HacroHiiiHM H3o6peTeHHeM 
6jiaraaap* co3^aHHio HOBoro cnoco6a nojiyneHH* Kap6imoB BOjn>4>paMa h hx 
cMeceii, ochobhoh oco6eHHOCTbio KOTOporo HBJiHeTca npeaBapHTeJibHan 
TepMHMecKan aKTHBaunn yr^eBO^opoAOB, Hcnoju>3yeMbix b CVD npouecce. 
25 CHirre3 W-C cjioh onpeziejieHHoro ccxrraBa 3aBHCHT ot TeMneparypw aKTHBauHH, 
Koropaa BapbHpyercH ot 500-850<>C, o6mero aaBJieHH* b peaKTope (ot 2 no 150 
Klla) k napuHCLibHoro saBJiemm yrjieBo/xopoziHoro peareHTa. 
IIpe^BapHTejibHaH aKTHBauHfl yr.ieBOiiopoflOB npHBO/mT k <|)opMHpoBaHHio b 
ra30BOH 4>a3e Heo6xo#HMOH KOHiieHTpauHH yrJieBOflopo/mbix paiuucajioB h hx 
30 accounauHH co cj5TopoM b ninpoKOM ^Hana30He. C noMOiubio npeziJiOHceHHoro 
cnoco6a yaaeTC* jierapoBaTb Kap6HflW h/hjih hx cmcch (JyropoM h 4>Top- 
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yr^epOflHMMH KOMnOSHUHaWH. OTOp, KOK HaH6o^ee XHMHHeCKH aKTHBHMH 

ajieMeHX, BHeApHHCb b pemexxy KapoHfla, ycHJiHBaex MeacaxoMHyro c B *3b. 

YcHTieHHe MeacaTOMHOH CBH3H a Kap6Hfle H npHBOflUT k noBbimeHHK) TBepaocm. 
■ 3tot npouecc noflooen o6pa3 OB aHHK> oKCHKaponaHbix <pa 3 , BMecro hhcto 
5 Kape^HWX cxpyxxyp. C apyrofi cxopoHbi, tpxop CTa6™ipyeT cxpyxxypy 

HH 3KOTeMnepaTyp HM x <pa3 - cy6 K a P 6HiioB BOjnxppaMa, eaaroaaps bmcokoh 

3HeprHH CBH3H (pxop-yrjiepoa. 

Hapnay c 3,-ieMeHrapHbiM cpxopoM b cocxaB KapoHaa Boabcppawa Moryr 6biTb 
BBeaeHM h tpxopyiviepoaHbie komhobhuhh c coflepacaimeM yrjiepoaa fl o 15 Bec.% 
10 h cpxopa no 0,5 Bec.%. 3th ao6a B KH bwiiojihhiot aBomcyio pojib: BO-nepsbix, ohh 
noBbiuiaioT TBepaocTb xape^oB BO^ppaMa h, Bo-Bxopbix, cxaeH^Hpyiox 
cxpyxxypy cy6Ka P 6HAOB BO/nxppaMa. TaKHM o6pa 3 oM, n P H noMOWH BBeseHH* 
(pTopa h cpxopyraepoAHbix aooasoK yaaaocb noayHHXb Kap6HAbi BOjnxppaMa, 
T a KH e KaK MOHOKap6m WC, nojiyxapdHA W 2 C, c y 6 K ap6 M bi W 3 C h W 12 C. 
15 C Hcn0jib30BaHneM HOBbix K ap6iWQB BCibcppaMa MOJKer 6bm, HsroTOB^eno 
^BvcioftHoe noKpbmie, BHvrpeHHHii caoii Koxoporo ( H aHOCHMbm «a noflaoaocy - 
KOHcrpyKTHBHbiH MaxepHa* h.ih H3fle;me H3 Hero) Bbino^eH H3 BO^ibcppaMa, a 
HapyjKHbift cxoh coaepacnx K ap6HA BoabcppaMa, jierapoBaHHbiH <pxopoM h, 

B03M05KHO, (frxopyrjiepOAHblMH KOMnOSHUHHMH HJIH CMeCH XaKHX Ka P 6lWOB 

20 Meacay coooii, a xaxace c sonbcppaMOM h co cBo6o/tm>iM yrjiepoaoM. 

KoHCTpyKimoHHbiH Maxepnan c HaHecenHbiM KOMnosHUHOHHbiM noKpbrraeM HMeex 
BHyrpeHHHil cjioh BOJibcppaMa xo/ihmhoh 0,5-300 mkm, a HapyacHbiH cjioii HMeex 
TOJiwuHy 0,5-300 mkm npH cooxhoihchhh xo.iiuhh BHyxpeHHero h Hapyaoioro 
cjioeB ox 1:1 no 1:600. 

25 

Kap6nflbi BOJiwppaMa corJiacHo HacxoaraeMy H3o6pexeHHio ocaamaiox b 
xnMHMecKOM peaKXope Ha nozwojiocy m rasoBoii tpasu, BRjuonaioraeH 
reKcacpxopiu BOJiwppaMa, BOflopofl, yrjiepoacoflepacamrai ras, HanpHMep, nponaH 
h, H eo6H3axeJibHO, HHepxHbM ras, HanpHMep, aproH. yrJiepoflcoaepacamHH ras 
30 nepea bboaom b peaKxop xepMHHecKH aKXHBHpyiox nyxeM HarpeBa no 500-850°C, 
npouecc Beayx npH aaBJieHHH b peaxxope ox 2 fl o 150 Klla, noflJioscxy HarpeBaiox 
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a o xeMneparypbi 400-900»C. CooxHoniemie yrjiepoACOAepxcamero rasa k 
BOflopoay BapbHpyerca ot 0,2 flo 1,7, reiccacpxopHAa sojnxppaMa k soflopoAy ot 
0,02 ao 0,12. 

HapaMerpbi npouecca b yxasaHHbix npeaejiax onpeaeJiHioxca b aaBHCHMOcra ot 
5 roro, KaKoii KapoHA hah CMecb Kap6HAOB Me*Ay coooii, hah c BOJibcppaMOM, hah 
c yr^epoaoM, H eo6xoAHMO nojiynnxb. TaK, wis. noAVHeHiia MOHOicap6HAa 
BOJib4>paMa WC npeaBapHTejibHyio TepMoaicraBamuo yrJiepoflcoaepacamero rasa 
npoBOwn- npn xeMnepaxype 750-850.C, cooxnouieHHe nponana k BOAopoAy 
ycTaHaBviHBaiOT b HHtepB^e 1,00-1,50, re K ca<pxopHAa BOAwppaMa k BOAopoAy - 
10 0,08-0,10. 

fl-i* nojryMeHHfl oAHocpasnoro noAyxapdHAa BOjnxppaMa W 2 C yicasaHHMe 
SHaneHHH cooxBexcxBeHHO paBiunoxc*: 600-750oC, 0,75-0,90 > 0,06-0,08; as. 
nojiyieHHJi cy6Kap6 M a BoabcppaMa W 3 C: 560-720o C , 0,60-0,65 . 0,050-0,055. 
Cnoco6oM cor.iacHO HacroameMy H3o6pexeHHK> 6bui noAynen h Hen3BecTHHH 
15 • pg H ee cy6gap6tt3 BGAwppaMa W U C c MaKCHMaJibHoii xBepAocxbio no oxHomemno 
K H3BecxHWM K ap6HAaM, aoxoflHmeft A« 3500 K r/MM 2 . flAa ero no^eEHH 
nponaa nonBepraAca xepMHHecKoii aKXHBauHH ao 500-700°C. cooxHOineHHe 
nponana k eoaopoAy ycxaHaBAHBaAOCb b Hmepeajie 0,35-0,40, rexcacpxopHAa 
Boab<ppaMa K BOAopoAy ox 0,040 ao 0,045. 
20 ZlaHHbiii cnoco6 nosBOAHex noaysaxb h cMecn K ap6HaoB BOAwppana, a xaKace 
cMecH Kap6HAOB co cBo6oAHbiMn BOJib<ppaMOM h yraepoAOM. 3HaHeHHfl 
VKasaHHMX napaMexpoB turn sthx cayaaeB npHBeAenbi b Ta6.™ne 1. 
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N 
n/n 


CocTaB 


TeMnepaTVpa 
aKTOBauHH nponaHa 

oC 


CooraoiiieHHe 
nponaHa k 

BOflOpOAV 


CooTHonieHHe 
reKca4>TopHfla 
BOJn>4)paMa k 
BO,aopoAy 


1. 
2. 
3. 
4. 

5. 


WC+WjC 
W,C+W 3 C 
W 2 C+W 12 C 
W 3 C+W l2 C 

w 2 c+w 3 c 

+W.jC 


670-790 
580-730 
570-700 
550-680 

570-710 


0,90-1,00 
0,70-0,75 
0,60-0,65 
0,40-0,60 

0,65-0,70 


0,07 - 0,09 
0,055-0,060 
0,045-0,060 
0,045-0,050 

0,045-0,060 


6. 
7. 
8. 
9. 

10. 


w W 

w 2 c+w 
w 3 c+w 
w 12 c+w 

w 3 ow 12 c 


600-720 
600-720 
560-700 
500-680 

500-680 


u, /u-u,yu 
0,70-0,90 
0,60-0,65 
0,20-0,35 

0,35-0,60 


0,08-0,09 
0,08 - 0,09 
0,055-0,070 
0,045-0,070 

0,05-0,07 


11. 


1 WCtC 


750-850 


1.50-1.70 . 


0.10 -0,12 ., 



15 

KaK y:Ke vKaaano name, sa cnex npenBapHTenbHofl xepMHHecxoH aKXHBauHH 
hcxoahofo yivxepoacoaepacamero pearenxa ocymecxB^excH peryjinpoBanHe 
coaepacann* aKTHBHbix yweBOflopwmbix paanKajioB b uih P okhx npeaejiax. 3xo 

20 nosBoaaer (popMnposaxb Kap&om-e cpasw h hx cxecn c coaepacanneM 
cBoeoiiHoro yr^epoaa A o 15 Bec.%. TepMKHecicyio aKXHBamno 
yr^epoacoAep^amero pearenra npoBcwrr bo cpropoBOflopoAHon axMoc<pepe, hto 
cnoco6cxByex aonojiHHxejibHOMy o6pa30BaHHio cfcxopyrjiepoflHbix paaniouioB. 
PaiBUcaJiw o6ohx bhaob yHacreyiox b jiernpoBamni K ap6HAHbix cpaa h hx CMeceii 

25 cpxopoM h yr.iepoaoM, hto cnoco6cTByer noBbiuieHmo hx npoHHOcmbix n 

TpH60TeXHHHeCKHX CBOHCXB. 

npn pocTe noKpbiTHM «3 oflHo4>a3Hbix K ap6nAOB BOJib4>paMa BHyrpenHne 
HanpjiJKeHHJi b hhx napacxarox MeoneHHo H Bbicoxa* HSHOcocxoihcocxb arax 
noKpwTHH HadnKwaeica npn aocxaxoHHO 6o;n>inoH xoJiWHHe (ao 300 mkm). Hx 
30 xHMHHecicaa cxoiiKOcxb h BbicoKaa TBepflocxb oeycjioBJiena cnabHOH MeacaxoMHoii 
CB^abio axoMOB b pemexxe K ap6HAOB h oxcyxcxBneM cBo6oaHoro B oJib<ppaMa. 
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Una peaJinaauHH MfflcponjiucTHHecKoro 3 cp<peKxa b noxpbrxHax ncnojibsyjoxca 

CM6CI1 Ka P 6imOB Me*^ COOOii, HX CMeCH C BOJIbCppaMOM HJIH C B o6oAHbIM 

yr.iepoaoM, HecKOJibxo xepa* npH 3 tom xKMinecxyio hjih sjieKxpoxHMHHecicyK) 

CXOHKOCXb . Heo6XO,flHMO OTMeXHXb, HXO nOKpblXH* H3 Ka P 6 H flOB BOJIb.ppaMa CO 

5 cBoeoziHbiM vr-iepoaoM, KpoMe pea^HaauHH oxMeHeHHoro MHKporuiacxHHecKoro 

3<p<peKTa ( HMeK>T nOHHXeHHUft K03<p<pHHHCHT xpeHH*. HoC-ieAHee MpeSBblMaiiHO 

BaacHO n P H HcnoJibaoBaHHH cMeceii Kap6HAOB co c B o6oflHbiM yraepoaoM b 
KanecTBe hshococtohkhx, xpH6oxexHHHecKHX noK P bixHH b yajiax xpeHH*. 
Ha ocHOBe Hacxoainero H3o6pexeHHH h c ncnojib30BaHHeM yKaaaHHoro hobofo 
10 cnoco6a Haaecemm noKpbmm Moryr 6bixb nojryneHbi . MHorocnoHHbie noKpbrraH 
c Hepe^osaHHeM cxoes BO^bcppaMa . cioeB, coaepacamHX xapfiuu BOJibcppaxa, 
^empoBaHHbie <pxopoM h, bosmo^ho, cpxopvraepoaHbiMH komiio3HIIHHMh , b tom 
MHde b cMecH newy co6oh, c BO,ib<ppaMOM hjih yrjiepoaoM. Tojhuhhw 
owe.-ibHb.x MepwyioiBCCCH cioes Haxo/urxc* b cooxHomeHHH ox 1:1 AO 1:5. 
15 Q6^ m .Jiaaofliiiero H3o6pexeHH* HB.iaexca h caM KOHCxpyKUHOHHbiS 

Marepna.!. hmcduihh aBycioHHoe kah MHorocAOHHoe noKpurae. BbmojmeHHoe 

corjiacHO HacxoameMV H3o6pexeHHK>. 



npHMepw ocymecxBJieHHfl H3o6pexeHH» 



20 



Xoxa ne HCKJHOiaexca BOSMoacnocxb HcnojibSOBaHH* caMHX xapoHflOB 
Bo^bcppaMa, nojrynaeMbix b cooxbctcxbhh c HacxoaimiM H3o6pexeHHeM, b 
KanecxBe KOHcxpyxuHOHHoro Maxepnajia, oflHaxo npeHMvmecxBeHHbiM cxyMaeM 
hx Hcno^bsoBaHHa aBJiaerca HaneceHHe hx na KOHCxpyxuHOHHbie Maxepnajibi h 
25 Hsaejina H3 hhx b xanecxBe hshococxohkhx noK P bixHii. IIosxoMy, 
npeflcxaBJieHHbie Huace npHMepw HJunocxpHpyiox H3o6pexeHHe hmchho «a 
cxyHaax ocaameHH* Kap6HflOB H a iiozwcwkkh b xanecxBe hx noicpbixHH. 0 OT aKO 
3XH ciynaH ne orpaHHMHsaiox o6"beMa H3o6pexeHna xojibxo hmh, nocxojibKy 
bo3mo*ho nojiyneHHe naxenxyeMbiM cnoco6oM h apyrnx KO M6HHauHH K ap6iw>B 
30 BOJiwppaMa Meamy coooii h/hah c scwibcppaMOM h/hah c yraepoflOM. 
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npeflcraBJieHHwe npHMepw KacaiOTC* nojiyneHH* cjiojkhhx noicpbiTHH, ROW 
cjioh noKpuTiw, coaepacaiHHH tot hjih hhoh K ap6Hfl sojnxppaMa hjih cmcch 
K ap6HaoB Mexuxy co6oh, c BOJnxppaMOM, yraepoflOM ocaamaexea na cjioh 
BOJib<ppaMa, ocajKfleHHMii flo stofo H a nofljioacxy. IIpHMepbi oxBarbiBaioT cjiynaH 
5 flB ycjioHHbix noK P biTHH (BHyrpeHHHH cjioh BOJibcppana H BHemHHH, coaepacamHH 

Kap6HA<bi) BOJibcppaMa) h MHorociOHHbix noKpbiTHH, c HepeaoBanHeM cJioes 

BOJibcppaMa h cjioeB, coflepacamnx Kap6iw(w) sojibtppaMa. 

KoHcrpyKUHOHHbiH MarepnaJi, na KoxopbiH naHOCHT KOMno3HTHoe noKpbrrae (HJIH 

ero BHeuiHHfi no oTHomeHino k noicpbrnno cjtoh, b cjiynae 6HMerajiJia> coflepaorr 

10 OCHOBy H3 P a3JIHHHbIX CO P TOB TBepflOtO CHJiaBa, KepaMHK, TaKHX Kax K ap6Hfl 
KpeMHHH, HHTpHfl KpeMHHH, OKCHfl aJUOMHHHH, UH P KOHHH, yrJiepOA-yTJiepOAHbie 

KOMnoaHUHOHHbie MaxepHajibi h t.a., pwa *cejie30co fl e P HcaaiHX cnjiasoB. TaKHX 
kok acejieso, yrJiepoaHCTbie cxajiH, HepaaiBeiowHe CTajiH, HHcxpyMeHTajibHbie h 
6bicrpopea<yiHHe cxa/in, nyryHbi hjih HHbie MaxepnaJibi, Bbi6paHHbie H3 pnjja: 
15 MeAb. cepe6po, sojioto, K o6ajibT,_ HHK.ejib, pozuiii, peHHH. nnaTHna, h P hjihh, 
KpCMHiiH , TaHTa-i, hhoohh, BaHaaHH, BOJibcppaM, mojih6ji6h, yrjiepoa, aaoT, 6op, 
H x cnjiaBbi, coeaHHeHHH h CMecH. a xaioKe wraHOBbie cnjiaBbi. 
npezinoHTHTe.ibHo, hto6w KOHcrpyxiiHOHHbiH MarepHaji hjih ero BHemHHfi cjioh 
no oTHomerono k noKpbiTHio coctohji hs cnjiaBOB c coaepacaHHeM HHxejw Bbmie 
20 25 ar.%, HanpHMep, HHBap, HHxpoM, MOHejib h apyrae. 

B cjrvMae ocaacaeHHa Ha xhmhhcckh aKTHBHbie MaTepnajiw TaKHe Kan: aceJieso, 
yrJiepoxmcTbie CTajiH, HepacaBeroume cTajiH, HHCTpyMeHTajibHbie h 
6bicTpope>KyiHHe CTajiH, nyryHbi, TirraHOBbie cmiaBbi, THTaHocoflepacawHe 
TBepabie cnjiaBbi, npeanoHTHTeJibHo HaHocHTb Ha hhx npoMeacyroHHwe 
25 noKpwTHH, coaepacamHe MaTepnajiw xhmhmcckh croHKHe bo (p-ropHCTOM 
Boaopoae, Bbi6paHHbie H3 pua: Me/ib, cepe6po, sojioto, K o6ajibT, HHKejib, 
poflHii, peHHii, njiaTHHa, HpHiniH, TairraJi, MOJiHoaeH, hho6hh, BaHajjHH, 6op 
nyTeM ajieKTpoxHMiwecKoro hjih xHMHMecKoro ocaamemw H3 bootwx pacTBopoB, 
3 jieKTpojiH3a pacnjiaBOB, XHMHMecKoro hjih <pH3HHecicoro rasocpasHoro 
30 ocaauieHHH, HanpuMep nyTeM MarHeTpoHHoro pacDMJieHHH, h hhmmh Me-ro/iaMH 
AO nojiyMeHHH tojhuhhw npoMeacyTOHHbix cJioeB ot 0,5 no 20 mkm. 
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IIpoMeacyroHHMe noKpbrma nojryieHHbie yKasaHHNMM swine MexoaaMH 

H eo6xoOTMO noflBeprayrb xepMHHecKOH o6pa6oTKe npn xeMnepaxype 400-900<>C 

b xeneHHe 0,5 -lnacB -roice Boaopoaa hjih HHep-raoro rasa. 

B cjiynae ocaaueHHH Ha Maxepnajibi xhmhhcckh cxoiucHe bo cpxopncxoM 
5 Boaopofle, raKHe KaK Meflb, cepe6po, sojioxo, K o6aJibx, Hmcejib, pomw, peHHii, 

njiaxHHa, H P HiWH, xaHxaji, MOJiH6fleH, sojibtppaM, hho6hh, rpacpnx, KapoHjjbi h 
KepaMHKH npoMe^yroHHwe noKpbixHH He HaHocax. PaajiHHHbie aexajin cjkhkhoh 
(popMbi, BbinojiHeHHbie H3 MaxepHajia npeanaraeMbix KOMnoSHTHbix noKpbixHii, 
npoHSBOAHxca nyxeM ocaameHH* hx na Me;*, cepe6po, sojioxo, xooajibx, inncejib, 
10 poflHii, peHHfi, njiaxHHa, h P hohh, xanxaji, MoantaeH, B ojib<ppaM, hhoohh, 
rpacpHT c nociieayiouiHM yaajienneM nowoaeK nyxeM XHMHMecKoro, 

sjieKxpoxHMHHecKoro XpaBjieHHH HJIH HHblMH MCXOiiaMH. 

06e33KHpeHHbie h oMHiueHHbie ox nocxopoHHHX npHMeceii iioajiojkkh 
yK.iMbiBaioxcH bo BHyxpb XHMHMecKoro npHMOxoHHoro peaKxopa, cHa6aceHHoro 
15 .^eKxpHHecKHM.-HarpeBaxe.ieM. XiiMHHecKiiH peaKXop BaKyvMiipyexca npn 
noMomn (popBaKyyMHoro Hacoca c aaoxHOii BbiMopaacHBaioweH JioByniKoii jxo 
MaxcHMXTbHoro paapeaceHHa h saxeM b peaKXop noaaexca BOAopaa hjih aproH. 
nociie axoro peaKxop c aexajiHMH HarpeBaexca ao xpe6yeMoH xexnepaxypbi h 
BbiaepacHBaexcH npn axon xeMnepaxype 0,5-1 nac. 3axeM ycxanaBJiHBaexcH 
20 HeooxoAHMbifi pacxoa BOAopoAa h xpe6ye M oe o6mee AaBJieirae b peaKXope. 3axe M 
vcxaHaBjrasaexca H eo6xo fl HMbiH pacxoa rexcacpxopHfla BOjnxppaMa, Harpexoro 
npeaBapHxe.ibHO ao 30«C. IlocJie BbiAepacHBamm sexajieii b aanaHHbix ycjioBHax 
b xeneHHe H eo6xoAHMoro jua. HaHeceHH* BHyxpeHHero B ojib<ppaMOBoro cjioh 
ycxaHaBJiHBaiox xpeoyeMoe o6wee aaBJieHHe H b peaKUHOHHyio cMecb fl o6aBJiHiox 
25 onpefle^eHHbiii pacxoA yrjiepoacoAepacamero rasa, HanpHMep nponaHa, 
npeflsapHxeiibHo narpexoro fl o H eo6xoAHMOH xeMnepaxypu. n P H noBXopeHHH 
onepainra noJiynaiox MHorocjioiiHoe Ko M no3HUHOHHoe noKpwxHe. 3axe M 
npeKpamaiox no^any rasa h BbiaepacHBaiox noAJioacKH b xeneHHe 0,5-1 Mac npn 
H eH3MeHHOH xeMnepaxype. Ilocjie axoii BbiAepaocH xeMnepaxypa peaKxopa 
30 cHHacaexc* no KOMHaraoH npn HenpepbiBHoij noAane BOAopoAa hjih apro H a. 
3axeM noaana BOAOpoaa hjih aproHa npeKpawaexcH, peaKxop BaicyyMHpyexcH ao 
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MaKCHMSUibHoro paapeacemw « b peaKrop nycKae-rca Boaayx. Uocne Mero 
noa^oacKH c KOMnoamiibiM noKpbrraeM HsiuieKaiOTca H3 peaKTopa. KoHKpeTHbie 
npHMepw onHcaHHoro Bbiine cnoco6a HaneceHHH KOMnosHTHoro iiokpwthh 
onHcaHbi hhjkc n P H 3tom HcnwraHHfl na TBepaocrb n onpeaeaemie <pa30Boro 
5 cocrasa noicpbrra* ocywecTBJWJmcb CJieayiowHM o6pa 3 oM. 

HcnbrraHHfl Ha TBepflocrb 

Onpe^eHHe TBepaocra noKpbiraH npoaowJiH Ha n P H6ope I1MT-3. 06pa3Ubi 
10 H3 cTa.ieii h TBepflbix cniiaBOB c HaHeceHHbiM KOMnosnrnbiM noKpbrraeM 
pa3pe3a^ H nonepeK h i^acpoBaJiH nonepe™ cpe 3 cHaHa,ia a6pa3HBHbiMH 
uixypKaMH, aareM nojmpoBaju. a.™a3 H ofi nacroft flo MaiccHMajibHo i-jkukoh 
noBepxHOCTH. MHKpoTBepaocTb noKpbiTHii onpeae^H nyren BflaBJiHBamifl 
ajiMa3Hoii nnpaMumKH Ha npHOope IIMT-3 b cepe^ny no TOJiinHHe BHeinnero 
15 h.™ BnyrpeHHero c.io* KOMno3HTHoro noKpbiTH* Ha nonepemoM 
orno^ipoBaHHOM cpese oopaaua. ilaanbie ycpeaHH-iHCb no 7-10 HSMepeHHHM. no 
P e 3 y^bTaTaM nccjieaoBaHH* ycraHOBJieno, mto MHKpoxBepflocTb BHyxpeHHero 
Bo^bcppawoBoro cjioh cocxaBJiaer 350-600 kIVmm 2 , MHKpoTBepaocTb 
MOHOKapenaa BOJibcppawa (WC) cocraBJiaer 1900 kIVmm 2 , no,TyKap6HAa 
20 BO.ibtppaMa (W 2 C) - 3000 kT/mk 2 , cy6Kap6rua W 3 C - 3100 kT/mm 2 . 
Cy6Kap6im BOJibcppaMa (W 12 C) o6jiaaaeT MaKCHMajibHoft MHKpoTBepaocTbio 
paBHOii 3500 kT/mm 2 . Cmcch Kap6aao B BOJib<ppaMa Meaeiy co6oii o6jiaaaiOT 

npOMeJKyTOHHblMH 3HaHeHHflMH TBepflOCTH. 

MHorocjioiiHbie noicpbrma xapaKTepn30BajiHCb cpeAHHM SHaneHHeM TBepaocra. 
25 B 3tom cjiynae HarpysKy JUiMasHoii impaMHAKH noitfupajra TaKHM o6pa 3 oM, 
HTo6bi oxneHaTOK saxBaTbiBJUi He Menee 4-x cjioeB MHorocaoiiHoro noKpbrnw. 
H3MepeH«H TBepaocTH noBTopfljm Taicace 7-10 pa3. 

OnpejejieHHe <pa30Boro cocraBa KOMno3HTHoro noKpbroiH 

30 
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OaaoBbiii coctob oc^kob onpwwaiWH peHxreHorpa^HHecKHM h 
3^KTpoHHorpa4>HMecKHM MCTOflaMH . PeHTreHocxpyKxypHbie HCCJieAOBamm 
npoBOOTJm «a ^cfrpaKTOMerpe flPOH-3 c HcnojibaoaaHHeM Me fl Horo HSJiyHeHH* 
H a iwiockhx o6pa3uax paaMepoM 10x10 mm. KanecxBeHHMH <pa30BbiH a H£ uiH3 <pa3 
5 W, WC, W 2 C, W 3 C, W 12 C, C npoBOflHJiH MexosoM nneHTH<pnKamm jihhhh 
orpa«eHHH no ^aHHbiM ASTM. HccjieflOBOHHe cpaaoBoro cocxaaa komiioshuhh 
K ap6H fl OB BOJib^paMa co cbo6o^ihwm yr^epoAOM aonojimrre^HO npoBOAHJiH c 
noMou»>K> Mexosa npocBeHHBaiomcH unponl mhkpockohhh. KpoMe xoro, 
onpnuan. <pa30Boro cocxaBa Aonojm*™ xhmhhcckhm ana^oM H a o6mee 
10 coaepacamte Bo.b<ppaMa, yraepo;ia > 4>xopa. A» 3™™ BHeimraii coh 

nOKpblTHH OWeMJM OT MeflHOft IKWIOKKH P aCXBO P eHHeM B a 3 OTHOK KHCJIOXe, 

aareM H3Me^ U H h anpuejuuni xhmhhcckhh cocraB BemecxBa noKpbrraa c 
noMombio MeroflOB aHajmxHHecKOH xhmhh. 



15 npUMep 1 

06 P a 3 eu H3 yraepoAHcxoii ctxih (Ct 3) c HaHeceHHbiM Ha Hero cjioeM hhk^h 

TOiHUHHOii 8 MKM 3JieKXpOXHMHHeCKHM CHOCOfiOM Bbme P 3KHBaeXCS B neHH IipH 

xeMneparype 900»C b cpe fl e reKcacpxopwia BOJibtppaMa (WF 6 ) h soaopoaa <H 2 ) 
n P n hx cooxHomeHHH 0,12 b xeneHne 5 mhh h saxeM b cpeae WF 6> H 2 h nponana 
20 (C 3 H 8 ) npn cooxHOiueHHH WF 6 k H, paBHOM 0,12 h cooxhouichhh Q^kHj 
paBHOM 1.8 b xeneHHe 60 mhh np» npeflBapHxejibHoft xepMoaKXHBamoi C 3 H 8 npw 
850°C h AaBJieHHH peaKilHOHHoii cMecn 2 Klla. 

B peavvibxaxe noJiynaeM Maxepnaji, hm«owhh ocHOBy H3 cxajin 3 c 
npoMe^yxoHHWM miicejieBbiM cjioeM 8 mkm h komhoshxhwm noKpbmieM c 
25 BHyxpeHHHM cioeM BO.xbcppaMa (W) xojiiuhhoh 5 mkm h HapyacHbiM cjioeM H3 
CMecn WC h cBo6o fl Horo yr.iepoaa (cjokh) xojiiuhhoh 40 mkm. MHicpoxBepflocxb 
noKpbrrHJ! - 840 kIYmm 2 , noKpbixHe c rpy6wMH BKJiiOHeHHHMH caacw. 

IIpHMep 2. 

30 06pa3eu H3 Hep^aBeromeft cxjuih (X18H10T) c HaneceHHbiM na nero cjioeM 

HHKejW XO^lUHHOH 10 MKM 3JieKXpOXHMHHeCKHM CHOC06oM BblflepjKHBaeXCH B HeMH 
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npn TeMnepaType 8OO0C b cpeae re K ca<p T opiwa BOJibcppaMa (WF 6 ) h BOflopoaa 
(H 2 ) npH hx cooTHomeHHH 0,11 b TeMerae 5 mhh h 3aTeM B cpeae WF 6 , 1^ h 
nponaHa (C 3 H 8 ) npn cooTHomeHHH WF 6 k H 2 paBHOM 0,11 h coothouichhh C p 8 
k H 2 paBHOM 1,6 b TeneHHe 60 mhh npn npesBapirreJibHOH TepMoaKTHBauHH C^i 8 
5 npH 840°C h flaBJieHHH peaKUHOHHofl cMecn 8,8 Klla. 

B pesy-ibTsne nojrynaeM MaTepna/i , HMeiowHH ocHOBy H3 HepacaBeromeH ctejih 
(X18H10T) c npOMeacyTOHHbiM HmccneBbiM cjioeM 10 mkm h komho3hthwm 
noKpbiTHeM c BHyrpeHHHM doeM BOJibcppaMa (W) tojhhhhoh 5 mkm h 
HapyjKHWM cioeM H3 CMecn WC h c B o6oAHoro yrjiepoaa tojiuwhoh 35 mkm. 

10 MHKpOTBepAOCTb nOKpblTHH - 1150 Kr/MM 2 . 

IlpHMep 3. 

06pa 3 eu hs HepacaBeiomeH crajin (0X18H10T) c naHeceHHbiM Ha Hero CJioeM 

HHKCTfl TOJIIUHHOH 7 MKM SJieKTpOXHMHMeCKHM CnOCo6oM BbiaepJKHBaeTCH B 

1 5 peaicmioHHOH KaHepe npn TeMnepaType 700=C a cpeae reKca^TopHaa BOJibcppaMa 
(WF 6 ) h Boaopoaa (H 2 ) npn hx cooTHOHiemiH 0,085 b TeneHHe 1 mhh h saTeM 
B cpeae WF 6 , H 2 h nponaHa (CgH,) npn cooTHomeHHH WF 6 k H 2 paBHOM 0,085 
h cooTHomeHHH C 3 H 8 k H 2 paBHOM 1,2 b TeneHHe 2,0 mhh npn npeflBapirreJibHOH 
TepMoaKTHBauHH C 3 H 8 npn 770<>C h aaBJiemiH peaKUHOHHoii CMecn 5,2 Klla. 

20 B pe3yjibTaTe nojiynaeM KOHcrpyKUHOHHMH MaTepnaji, hmcjoiuhh ocHOBy H3 
era.™ 0X18H10T c npOMeacyTOHHbiM HHKejieBbiM CJioeM 7 mkm h KOMno3HTHWM 

nOKpblTHeM C BHVTpeHHHM CJIOeM BO^b4>paMa (W) TOJimHHOH 0,7 MKM h 
HapVHCHblM CJioeM H3 WC TOJUHHHOft 8 MKM. MHKpOTBepAOCTb nOKpblTHH - 1900 

Kr/MM 2 . 

25 

IlpHMep 4. 

06pa3eu H3 TBepaoro ciuiaBa BK-10 BbwepacHBaeTca b peaKUHOHHoii KaMepe npn 
TeMnepaType 650°C b cpeae reKca<pTopHfla Bo^b(ppaMa (WF 6 ) h Boaopoaa (H 2 ) 
npn hx cooTHOuieHHH 0,08 b TeneHHe 1 mhh h 3areM b cpeae WF 6 , H 2 h nponaHa 

30 (C 3 H 8 ) npH COOTHOUieHHH WF 6 K i\ paBHOM 0,08 H COOTHOUieHHH Q Jf k If 
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paBHOM 0,95 b TeMeime 80 mhh npH npeflBapHrejibHOH TepMoaKTHBaiiHH C,H 8 npn 
730°C h nzBnemm peaKUHOHHOH CMecH 8,8 Klla. 

B peayjibTaxe nojiy^aeM KOHcrpyKHHOHHWii Maxepnaji, HMeromHH ocHOBy H3 
TBepaoro cn.aaBa BK-10 m KOMnosHTHoe noKpbiTHe, cocToamee H3 BHyrpeHHero 
5 cnosi BOJibcppaMa (W) tojiihhhoh 0,7 mkm h Hapyacnoro cjioh hs CMecH W 2 C c 

WC TOJHHHHOH 32 MKM. MHKpOTBepflOCTb HOKpblTHH - 2800 Kr/MM 2 . 

IIpHMep 5. 

06pa3eu H3 HHCTpyMeirrajibHOH craan 3X2B8<D c HaHeceHHbiM na Hero CJioeM 
10 hhkcui toaihhhoh 5 mkm 3.ieKTpoxnMHMecKHM cnoco6oM BbmepacHBaercH B 
peaKUHOHHoii Kawepe n P H xeMneparype 6OO0C B cpeae reKca^xopHfla BOjnxppaMa 
(WF 6 ) h Boflopoaa (H 2 ) npn hx cooTHomeHHH 0,08 b TeneHHe 2 mhh h sareM b 
cpeae WF 6 . H 2 h nponana (C 3 H 8 ) npn cooxHouieHHH WF 6 k H 2 paBHOM 0,08 h 
cooTHomemiH C 3 H 8 k H 2 paBHOM 0,80 b TeneHne 30 mhh npn npeaBapHreJibHoii 
15 repMoaKTHBauuH C 3 H B npn 700-C h ziaBJieHHH peaKUHOHHOH CMecH 8,8 icHa. 
XnMHMecKHH anajins noKpwTHH noicaaa* coaepacaHHe cpxopa 5 -10 " 2 Bee. %. 
B pesy^Tare nojrvH.aeM KOHcrpyKUHOHHbiH MaTepna*. HMeiomnii ocHOBy H3 Mean 
„ KOMnosHTHoe noKpbiTHe, cocTonmee H3 BHyrpeHHero cjioh BO^ibcppaMa (W) 

TOJIIIIHHOH 1,3 MKM H HapyHCHOrO CJIO* H3 W 2 C TOJIUIHHOH 9,1 MKM. 

20 MuKpoTBepaocTb noKpbUHfl - 2800 kF/mm 2 . 
IIpHMep 6. 

06pa3eu H3 nHCTpyMeHTajibHoii craJiH P 18 c HaneceHHbiM na Hero cjioeM HHKeJifl 

TO.UHHHOH 5 MKM 3.ieKTpOXHMHHeCKHM CnOC06OM BbMepXHBaCTCH B peaKUHOHHOH 

25 KaMepe npn xeMneparype 550»C b cpeae reKcacpropHaa BOJibtppaMa (WF 6 ) h 
BOAopofla (H 2 ) npn hx cooTHomeHHH 0,057 b reneHHe 5 mhh h saxeM b cpeae 
WF 6 , H; h nponana (CjH,) npn cooTHomeHHH WF 6 k H s paBHOM 0,057 H 
cooTHomeHHH C 3 H 8 k H 2 paBHOM 0,67 b xeneHHe 70 mhh npn npeaBapnrejibHOH 
TepMoaKTHB aiiHH C 3 H 8 npn 640<»C h aaBJiemiH peaKUHOHHOH CMecn 5,2 Klla. 

30 B pesyjibraxe nojiynaeM KOHcrpyKUHOHHbiH MarepHaji, HMeiomHH ocnoBy H3 
cxajiH P 18 c npoMeacyTOHHbiM cjioeM HHKejiH 5 mkm h KOMnosHTHoe noRpbirae, 
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cocroaiuee H3 BHyrpeHHero cnox BOJib<ppaMa (W) tojuuhhoh 3 mkm h Hapyaoioro 
cjioa H3 CMecH W 2 C h W 3 C tojiwhhoh 25 mkm. MuKpoTBepaocrb noKpbrnw - 
2950 Kr/ mm 2 . 

5 TIpHMep 7. 

06pa 3 eu H3 HHcrpyMemaabHoft era,™ X1201 c HaneceHHMM Ha Hero cjioeM 

HHKeJIH TOjnUHHOii 7 MKM SJieKTpOXHMHHeCKHM CHOCOOOM BbMepHCHBaeTCH B 

peaKUHOHHoii KaMepe npn xeMnepaiype 540oC b cpeae reKcacpropnfla Bo^ppaMa 
(WF 6 ) h Boaopofla (H 2 ) n P H hx cooTHOHieHHH 0,053 b xeneHHe 2 mhh h sareM 
10 B cpwe WF 6 , H 2 h nponana (C 3 H 8 ) npn cooTHOUiemiH WF 6 k H 2 paBHOM 0,053 
h cooTHOBiemiH C 3 H 8 k H 2 paBHOM 0,63 b reneHHe 40 mhh npn npeaBapnrejibHOH 
TepMoaKTHBaiiHM C 3 H 8 npn 635=C h azBaewm peaKUHOHHoii cMecw 28 Klla. 
B pesyjibTare noJiynaeM KOHCTpyKHHOHHbiH Maxepmui, HMeromHH ocHOBy hs 

CTa.1H X1201 B KOMHOSHTHOe IIOKpblTHe, COCTOBBiee H3 BHVTpeHHero CIO* 

15 BOJtt<ppaMa (W) to.iiuhhoh 1 ,0 mkm h HapyacHoro c.ioh hs W 3 C tojhhhhoh 18 
mkm. MHKpoTBepjiocTb noKpwrHa -^3120 kT/mm 2 . 

npHMep 8. 

Oepaseu hs HHCTpyMeHTajibHoii cteuih P6M5 c HaHeceHHbiM Ha Hero 

20 3JieKTpOXHMHHeCKHM CnOC06oM ClOeM HHKe.lH TOJUUHHOH 5 MKM BblflepJKHBaeTCH 

b peaKUHOHHOH KaMepe n P H xeMnepaiype 520oC b cpeae reKcacpTopazia 
Bo.ib«ppaMa (WF 6 ) h BOflopoaa (H 2 ) npn hx cooTHOHieHHH 0,045 b TeneHHe 5 
mhh h saxeM b cpeae WF 6 , H 2 h npona H a (C 3 H 8 ) npa cooTHOHieHHH WF 6 k H 2 
paBHOM 0,045 h cooTHOHieHHH C 3 H 8 k H 2 paBHOM 0,60 b xeneHHe 180 mhh npn 
25 npeaBapHTejibHoii TepMoaKTHBauHH C 3 H 8 npn 610»C h aaBJiemm peaKUHOHHOH 
CMecH 42 Klla. 

B pesyjibTaTe nojiy^aeM KOHCTpyKUHOHHbiH MaTepnaji, HMeromHH ocHOBy H3 
crajiH P6M5 c npoMOKyTOHHWM cnoeM HHKejw 5 mkm h KOMno3HTHoe noKpbiTHe, 
cocTOHUiee H3 BHyrpeHHero cjioh BcibtppaMa (W) tojuuhhoh 3 mkm h Hapyacnoro 

30 CJIOH H3 CMeCH W 3 C H W 12 C TOJHUHHOH 100 MKM. MilKpOTBepflOCTb nOKpblTHB - 

3400 kT/ mm 2 . 
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IIpHMep 9. 

06pa3eu H3 HHexpyMeHxa^Hoii era™ 3X2B80 e HaHeceHHWM Ha aero 

SJieKTpOXHMHMeCKHM cnOCo6oM CIOeM HHKeJIS XOJIDXHHOH 5 MKM BblflepJKHBaeTCJI 

B peaKUHOHHOH KaMepe np« xexnepaxype 520o C b cpeae reKcadpxopnaa 
5 BO^cppaMa (WF 6 ) « Boaopoaa (ft) npn hx cooxHomeHHH 0,044 > xeneHHe 2 
mhh H aaxeM > cpeae WF 6 , H 2 H nponaHa (C 3 H 8 ) np« cooTHomeHHH WF 6 k H 2 
paBHOM 0,044 b cooTHomeHHH C 3 H 8 x ft paBHOM 0,4 . xeneHHe 160 mhh n P H 

np^apHTC^HOH TepMOaKTHBaUHH C 3 H 8 n P H 600o C H jmam peaKHHOHHOH 

cMecH 28 Klla. 

10 B pesyawaie no^aeM KOHcxpyKHHOHHbiH Maxepna*, HMeK>mHH ocHosy H3 
cTajiH 3X2BSO c npoMeacyxoHHHM ciioeM hhk&jih xojiihhhoh 5 mkm h 
KOMnoaHTHoe noKpuxne, coexonmee «3 BHyxpeHHero uo. B o^<ppaMa (W) 
TOJ miHHOH 1 mkm h napyacHoro a M hs W l2 C xo.khjhhoh 78 mkm. 
MHKpoTBepAocTb noKpbrniH - 3500 kT /mm". 



15 



IIpHMep 10. 

Odpaseu hs vetmnvaw* era™ 2X13 c HaneceifflbiM Ha Hero 

3JieKTpOXHMHHeCKHM CnOCo6oM CTOeM HHKeJM XOJIIHHHOH 10 MKM BbmepHCHBaeXC* 

b peaKUHOHHOH KaMepe n P H TeMnepaType 520oC b cpeae reKcacpxopnaa 
20 BOJiicppaMa (WF 6 ) h Boaopoaa (ft) n P H hx cooxHomeHHH 0,070 b xeneHHe 4 
mhh h aaxeM b cpeae WF 6 , H 2 h nponaHa (C 3 H 8 ) npn cooTHomeHHH WF 6 k H 2 
paBHOM 0,070 h cooTHomeHHH C 3 H 8 k ft paBHOM 0,20 b xeneHHe 60 mhh npn 
npe/OJapHxe.iMOH xepMoaKXHsamiH C 3 H 8 npn 650«C h aaBJieHHH peaKUHOHHOH 
CMecH 8,8 Klla. 

25 B pesy^bxaxe no^rynaeM KOHCxpyKUHOHHWH Maxepna*. HMeiomHH ocnoBy H3 
cxajiH 2X13 h KOMnosHXHoe noKpbixne, coexoamee hs BHyxpeHHero cjioh 
BOjnxppaMa (W) xo-iiuhhoh 3,8 mkm h napyacHoro cjioh h 3 cMecn W )2 C h W 

X0.1UIHHOH 20 MKM. MHKpOXBepflOCXb nOKpblXHH - 2150 Kr/MM 2 . 

30 IIpHMep 11. 
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06pa3eu H3 cnJia B a "MOHejib" BhwepacHBaeTCH b peaKUHOHHoik KaMepe npn 
xeMnepaxype 580=0 b cpe/ie reKcacpxopima BOjnxppaMa (WF 6 ) h Boaopo/ia (H 2 ) 
n P H hx cooTHomeHHH 0,085 b xeneHHe 3 mhh h saxeM b cpeae WF 6 , H, h 
nponana (C 3 H S ) npn cooTHomeHHH WF fi k H 2 paBHOM 0,085 h cooxHoiueHHH 
5 C 3 H 8 k -H 2 paBHOM 0,80 b xeneHHe 60 mhh npn npe/raapHxejibHOH 
TepMoaKTHBaiiHH C 3 H 8 npn 680=C h aaBJiemra peaKUHOHHOH cMecn 8,8 iclla. 
B pesyjibxaxe nojrynaeM KOHcrpyKUHOHHbiH Maxepnaji, HMeiomHH ocHosy h 3 
cnJiaBa "MOHe^b" h KOMnosHxnoe noKpwTHe , cocxoamee H3 BHyxpeHHero cjioh 
BOJibcppaMa (W) xojiiuhhoh 3,5 mkm h Hapyacnoro cjioh hs CMecn W 2 C h W 

10 XOJIIHHHOH 35 MKM. MHKpOTBepAOCTb nOKpblXHH - 1740 K r/MM 2 . 

TlpHMep 12. 

06pa3eu H3 HHBapnoro cnJiaBa K6H380 BbwepacHBaexcH b peaxuHOHHOH KaMepe 
npn xeMnepaxype 590°C b cpeae reKcatpxopHixa BOJibcppaMa (WF 6 ) h Boflopozia 

15 (H 2 ) npn hx cooxHoniemm 0,063 b xeneHHe 3 mhh h saxeM b cpe/ae WF 6 , H 2 h 
nponana (C 3 H 8 ) n P H cooxHoiueHHH WF 6 k H t paBHOM 0,063 h cooxHoiueHHH 
C 3 H 8 k H 2 paBHOM 0,63 b xeneHHe 40 mhh npn npeaBapnxejibHOH 
xepMoaKXHBauHH C 3 H 8 npn 630=C h aaBJieHHH peaKUHOHHoik cMecn 8,8 Kna. 
B pesyjibxaxe nojrynaeM KOHCxpyKiiHOHHWH Maxepnaji, HMeiomHii ocHOBy H3 

20 cnJiaBa K6H380) h KOMnosnxHoe noKpbmie, cocxonmee H3 BHyxpemiero cjioh 
BOJib<ppaMa (W) xojhhhhoh 3 mkm h HapyjKHoro CJIOH H3 CMeCH W 3 C h W 

TOJIHIHHOH 19 MKM. MHKpOXBepflOCXb nOKpblXHH - 1690 Kr/MM 2 . 

IlpHMep 13. 

06pa3eu H3 cneKa HaxypajibHbix ajiMasoB BbiaepaeHBaexcH b peaKUHOHHofi 
25 KaMepe npn xeMnepaxype 520°C b cpeae reKcatpxopima BOjnxppaMa (WF 6 ) h 
Boaopoaa (H 2 ) npn hx cooxHoiueHHH 0,048 b xeHemie 1 mhh h saxeM b cpeae 
WF 6 , Hj h nponaHa (CjH,) npn cooxhouichhh WF 6 k H z paBHOM 0,048 h 
cooxHoiueHHH C 3 H 8 k H 2 paBHOM 0,65 b xe^eHHe 48 mhh npn npeflBapnxejibHOH 
xepMoaKXHBauHH C 3 H 8 npn 700°C h flaBJiemm peaKUHOHHoii c M ecH 42 idla. 
30 B pesyiibxaxe nojiynaeM KOHCTpyKUHOHHbiH Maxepnaji, HMeiouiHH ochobv H3 
cneKa HaxypajibHbix ajiMasoB h komhoshthoc noKpbmie, cocxonmee H3 
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BHyrpeHHero cjio* BOJibcppawa (W) tojuuhhoh 0,8 mkm h HapyacHoro c*o* hs 
cMecH W 2 C h W i2 C xojihihhoh 12 mkm. MHKpoTBepaocTb nostra* - 3220 
kIYmm 2 . 

5 IIpHMep 14. 

06pa 3 eu H3 HHxpoMa BMnepxcHBaexcJi b peaKUHOHHoii KaMepe npa xeMnepaxype 
560oC b cpeae reKcatpxopnzia BOJibcppaMa (WF 6 ) h BO fl opo fl a (H*) n P H hx 
cooTHOuieHHH 0,070 b xeneHHe 8 mhh h 3 axeM b cpe fl e WF 6 , H, h nponana 
(C,H 8 ) np H cooTHoineHHH WF 5 k H 2 paBHOM 0,070 h cooxHonieHHH QH,. k H 2 
10 palnoM 0,2 b xeneHHe 40 mhh n P H npe/iBapHxejibHOH xepMoaKXHBauHH C 3 H 8 npn 
650°C h aaB.ieHHH peaKUHOHHoii cMecn 5,2 Klla. 

B peay.ibxaxe no.TVMaeM KOHCxpvKUHOHHbifi Maxepna*. HMeKHUHH ocHOBy H3 
HHXpoMa h KOMnoaHTHoe noKpbiXHe, cocxoBiuee H3 BHyxpeHHero cjioh BO^cppaMa 

(W) X0.1IUHHOH 7 MKM H Ha P V>KHOrO CM* *3 CMeCH W H C TOJIIUHHOH 41 MKM. 
15 MHKpOTBepjOCTb nOKpblTH* - 1210 Kr/MM". 

npHMepw Ha MepeayiouiHecH cjioh 
IIpHMep 15. 

20 06pa3eu H3 xsepaoro cn^a BK 6 BbmepacHBaexoi b peaKiiHOHHoft KaMepe npH 
xeMnepaxype 620°C: a) b cpene reKcatpxopnaa BOJib<ppaMa (WF 6 ) h Boaopoaa 
(H 2 ) npn hx cooTHoineHHH 0,08 b xeneHHe 2 mhh h 6) b cpeae WF 6 , H, h C 3 H 8 
npn cooxHOUieHHH WF 6 k H, paBHOM 0,08 h cooxHouienHH C fi a k H 2 pa B HOM 1 ,5 
B xeneHne 16 mhh npn npeflBapHxejibHoft xepMoaKXHBauHH C 3 H 8 npn 750oC h 

25 iiaBJieHHH peaKUHOHHoii CMecH 5,2 Klla. OnepauHH "a" h "6" noBXop*K>x<* 
nocie^oBaxeJibHO 4 pasa. Co^epacaHHe (pxopa B MHoroc/ioiiHOM noKpwxHH 9-10 
Bee. %. 

B pesyjibxaxe nojiynaeM KOHcxpyKiiHOHHbiH MaxepnaJi, hmcioihhh ocHosy hs 
TBepaoro cnjiasa BK 6 h KOMnosHUHOHHbiM noKpwxHeM hs 4 nepeayioiHHXca 

30 CJIOeB W XO-.THIHHOH 3,0 MKM H WC XOJIUIHHOH 7 ,0 H P H COOXHOUieHHH HX XOJIWHH 
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1:2,3 h o6meH tojiiuhhoh KOMnoamwoHHoro noKpbrow 40 mkm. Cpejm 
MHKpoTB epxiocTb noicpbrrna - 1320 kIT/mm 2 . 

IIpMMep 16. 

5 06pa3eu H3 XBepaoro ciuiaBa BK 10 Bbmep>KHBaexca > peaiaiHOHHOH KaMepe n P H 
reMneparype 650«C: a) b cpe fl e rexcacpxopHaa BO.-n><ppaMa (WF 6 ) h BoaopoAa 
(H 2 ) n P H hx cooTHOiueHHH 0,08 b xeneHHe 1 mhh h 6) b cpeae WF 6 , H 2 h C^Hs 

nP H COOXHOUieHHH WF 6 K H 2 paBHOM 0,08 H COOTHOmeHHH QHskH paBHOM 

0 95 b xeneHHe 80 mhh n P H npeziBapHxejibHOH xepMoaKXHBamm C 3 H 8 h P h 730oC 
10 .'woo. peaK.HOHHOH cMecH 8,8 Klla. Onepaunn "a" h "6" noBXop a H>xcH 
nocJieaoBaTejibHO 4 pa3a. 

B peayjibxaxe noiiynaeM KOHcxpyKUHOHHbift MaxepHa*. iNnari ocHOBy H3 
TBepaoro cnjiaBa BK 10 h KOMno3HimoHHbiM noKpbixneM H3 4 nepeayiomHXCH 

CJ ,OeB W XO^UIHHOH 0,7 MKM H CMeCH WC C W 2 C XO.XUUIHOH 32 n P H 

15 cooxHomemiB hx xo™ 1:45.7 h rfmeft xo.xuihhoh KOMnosHUHOHHoro 

nOKpblXHH 130,8 MKM. CpeflHfla MHKpOXBepflOCXb nOKpblXHH - 2200 Kr/MM 2 . 

npHMep 17. 

06pa3eu H3 HHcxpyMeHxaJibHoii cxeura (3X2B80) c HaneceHKbiM «a Hero cjiocm 
20 HHKejia 5 mkm 3JieKxpoxHMHMecKHM MexoaoM BbiaepjKHBaexcH b peaKHHOHHoii 
KaMepe n P H xeMnepaxype 600»C: a) b cpeae reKcacpxopnaa BOJibcppaMa (WF 6 ) 
h Boaopoaa <H 2 ) n P H hx cooxHouieHHH 0,080 b xenemie 2 mhh h 6) b cpeae 
WF 6> H 2 h QHg n P H cooxnoiueHHH WF 6 k H, paBHOM 0,080 h cooxHouieHHH 
C 3 H 8 k H 2 paBHOM 0,7 b xeneHHe 25 mhh npn npeflBapHxejibHoii xepMoaKXHBauHH 
25 C 3 H 8 n P H 700°C h aaBJiemiH peaKHHOHHOH CMecH 8,8 K na. OnepauHH "a" h "6" 
noBxopaioxca nocJicaoBaxejibHO 5 pa3. 

B pesyjibxaxe nojrynaeM kohcxpvkhhohhmh MaxepaaJi, hmcioihhh ochobv hs 
cxajiH (3X2B80) h komhoshuhohhoc noKpbrrne hs 5 nepeayiomHXCH cjioeB W 

H W 2 C XOJHHHHOH 1,5 H 7,5 MKM COOXBeXCXBeHHO n P H COOXHOHieHHH HX XOJUHHH 

30 1:5 h o6meft xojiihhhoh KOMnosHUHOHHoro noKpbiXHH 45 mkm. Cpeawm 
MHKpoxBepflocxb noKpbrrHa - 2340 kT/ mm 2 . 
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IlpHMep 18. 

06pa 3 eu H3 HHBapnoro ciuiaBa K6H380 BbmepacHBaexc* b peaKHHOHHoii xaMepe 
npn xeMnepaxype 580oC: a) b cpeae reKcacpxopima BOJib<ppaMa (WF 6 ) h 
BOAopo^a <H 2 ) npn hx cooxHonieHHH 0.060 b regime 5 mhh h 6) b cpeae WF 6 , 
5 H 2 h C 3 H 8 npa cooTHomeHHH WF 6 k H 2 paBHOM 0,06 h cooxHonieHHH C^kH, 
paBHOM 0,70 b TeneHHe 40 mhh npn npesBapnxeJibHOH xepMoaKXHBauHH C 3 H 8 npn 
650«C h aaBJieHHH peaKUHOHHOH cMecn 8,8 Klla. OnepaunH "a" h "6" 
noBTOpJHOTCH nocie/ioBaxeJibHO 12 pa3. 

B peay^xaxe no.TyHaeM kohctpykhhohhwh MaxepHa*. HMeromHH ocnoBy «3 
10 ciuiaBa K6H380 h KOMnoanHHOHHoe noKpbmie H3 12 nepeayioiHHXc* cjioes W 

XOJIIHHHOH 3,0 MKM H CMeCH W 2 C C W 3 C XOJHUHHOH 15,1 MKM H P H COOXHOUieHHH 
HX XOJ1HIHH 1.5 H 06meii XO-IIUHHOH KOMnOSHHHOHHOrO nOKpblXHH 217 MKM. 

CpeAHHH MHKpoxBepaocxb noKpbixHH - 2150 K r/MM-. 
15 npHMep 19. 

06pa 3 eu H3 HHCxpyMeHxajibHofi cxa,™ X1201 c HaneceHHbiM cioeM HHKe*a 

TOJUHHHOH 7 MKM 3,XeKXpOXHMHHeCKHM MeXOflOM BbMepHCHBaeXC* B peaKHHOHHOH 

Kanepe npn xeMnepaxype 540»C: a) b cpe fl e re K ca<pxopHAa B o^b<ppaMa (WF 6 ) 
H Boaopofla <H 2 ) npn hx cooxHonieHHH 0,053 b xeneHne 3 mhh h 6) b cpeae 
20 WF 6 . H 2 h QKfe npn cooxHonieHHH Wl| k fcf 2 paBHOM 0,053 h cooxHouieHHH 
C 3 H 8 k H 4 paBHOM 0.62 b xeneHHe 27 mhh h P h npeABapnxejibHOH 
xepMoaKXHBaHHH C 3 H 8 npn 635<>C h aasaeHHH peaKHHOHHoii CMecn 28 Klla. 
OnepauHH "a" h "6" noBXOpaioxca nocncaoBaxejibHo 5 pas. 
B peay.ibxaxe no-iy^aeM KOHCxpvKUHOHHbm Maxepnaji, HMeiornHH ocHOBy hs 
25 HHcrpyweHxa^bHOH cxajm X12<D1 h KOMnosHUHOHHoe noKpbiTHe H3 5 
HepeayioiHHXCH cioeB W h W 3 C xojuhhhoh 5 h 12 mkm cooxBexcxseHHO npn 

COOXHOUieHHH HX XOJHUHH 1:264 H OOlUeii XOJHHHHOH KOMIlOSHUHOHHOrO nOKpblXHH 

85 mkm. CpeaHaH MHKpoxBepaocxb noKpbrrHH - 2250 kI"/mm 2 . 



30 IlpHMep 20. 
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06pa3eu H3 yrjiepoAHcroH ctsuih 45 c HaneceHHbiM Ha Hero aaeKrpoxHMiraecKHM 
cnocoooM cJioew HHKe^ totuuhhoh 6 mkm BbwepacHBaexca b peaKUHOHHoii 
KaMepe npa Tenneparype 540<>C: a) b cpeae re K ca<pTopHfla BOJibtppana (WF 6 ) 
„ Boaopoaa (H 2 ) npn hx COOTHOUieHHH 0,047 b TeneHne 9 mhh h 6) b cpeae 
5 WF 6 , H 2 h C,H n P H cooTHomeHHH Wig k paBHOM 0,047 h cooTHomemm 
C 3 H 8 k f\ 2 paBHOM 0,55 b TeneHHe 150 mhh u P h npeflBapirreJibHOH 
TepMoaKTHBauHH C 3 H 8 n P H 630cC h aaBJieHHH peaKUHOHHoft CMecH 5,2 Klla. 
OnepauHH "a" H "6" noBTopjnoTca noc-ieaoBaTeJibHO 7 pa3. 
B pesyJibTare no^tynaeM KOHcrpyKUHOHHbrii Marepiiaji. HMeK>mnft ocnoBy H3 
10 era™ 45 c npoMOKyTOHHbm cioeM HHKe** tojhhhhoh 6 mkm h KOMnoauHHOHHoe 
noKpbrme H3 7 HepeayKHUHxe* cnoee W h CMecH W 3 C c W t2 C tojhhhhoh 4 h 44 

MKM COOTBCTCTBeHHO H P H COOTHOUieHHH HX TO..TJHHH 1:11 R o6lUeH TOJHIIHHOH 
KOMHOaHUHOHHOrO nOK P bITHH 396 MKM. CpeflHHH MHKpOTBepflOCTB nOKpblTHH - 
2900 Kf/MM 2 . 



15 



npHMep 21. 

06pa 3 eu hs HHcrpyMeHTajibHoii ct<uih P6M5 c naHeceHHbiM H a Hero 
MarHerpoHHbiM pacnbmeHHeM cjioeM hhkcjTH tojimhhoh 3 mkm BbiflepacHBaerc* 
B peaKHHOHHoii KaMepe npn TeMneparype 520°C: a) b cpe^e reKcacpTopHfla 

20 BOJibcppaMa <WF 6 ) h Boaopoaa (H,) n P H hx cooxHouieHHH 0,050 b xeneHHe 8 
mhh h 6) b cpeae WF 6 , H 2 h C 3 H 8 npn cooTHomeHHH WF 6 k H 2 paBHOM 0,043 
h cooxHouieHHH Cft K H 2 paBHOM 0,35 b TeMenne 11 mhh npn npeaBapHrejibHoii 
repMoaKTHBauHH C 3 H 8 npn 650oC h aaBJierom peaKUHOHHoii CMecH 8,8 K na. 
OnepauHH "a" h "6" noBTOpfliorcH nocjieaoBarejibHO 11 pa3. 

25 B pesy.ibTaTe nojiynaeM KOHcrpyKUHOHHWH MaTepna*, hmcioiuhh ocHosy hs 
CTajiH P6M5 c npoMexcyroKHbiM cjioeM HmceJiH tojiihhhoh 8 mkm h 

KOMHOSHUHOHHOe nOK P bITHe H3 11 HepeflyKHHHXCH CJIOeB W H W 12 C TOJIIHHHOH 
5 H 5 MKM COOTBCTCTBeHHO , npH COOTHOUieHHH HX TOJHUHH 1:1 H o6lUeH 
TOJIIUHHOH KOMHOSHUHOHHOrO nOKpWTHH 110 MKM. CpeflHHH MHKpOTBepflOCTb 

30 noKpbiTHfl - 2550 Kf/MM 2 . 
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IIpHMep 22. 

06pa3eu H3 TirraHOBoro cnJiaBa BT 1 c HaHeceHHWM Ha Hero MarHeTpoHHWM 
MeToaoM cjioeM hhk&jlh tojiiuhhoh 1 mkm BbwepjKHBaeTCH b peaKUHOHHoii KaMepe 
npH TeMnepaType 600<>C: a) b cpeae reKcacpTopnaa BOjnxppaMa (WF 6 ) h 
5 BOflopoAa (H 2 ) npn hx cooTHOiueHHH 0,045 b TeneHHe 4 mhh h 6) b cpeae WF 6 , 
H 2 h CaHg npn cooraouieHHH WF 6 k H 2 paBHOM 0.045 h cooTHomeHHH k 
H 2 paBHOM 0,65 b TeneHHe 60 mhh npn npeaBapirreJibHOH TepMoaKTHBauHH CgHg 
npn 600oC h jjaBJieHHH peaKHHOHHoii CMecn 42 Kna. OnepauHH "a" h "6" 
noBTopaioTCH nocie.noBaTe.KbHO 15 pa3. 
10 B pesyjibTaTe nojiy^aeM KOHCTpyKUHOHHbiH MaTepnan, HMeiomHii ocnoBy H3 
cnJiaBa BT 1 h KOMno3HHHOHHoe noKpHrae H3 15 nepeayioiuHxcH cnoeB W h 
CMecn W 2 C c W 12 C tojiiuhhoh 5,2 h 20 mkm cooTBercTBeHHO, npn COOTHOmeHHH 
hx tojihihh 1:3,8 h o6meii tojiiuhhoh KOMnosHUHOHHoro noKpwTHa 378 mkm. 
CpeflH^a MHKpoTBepflocTb noKpbiTHH - 2220 kT/hm 2 . 

15 

IIpHMep 23. 

06paseii H3 HHTpiiaoKpeMHHeBOH KepaMHKH BbmepacHBaeTca b peaKUHOHHoii 
KaMepe n P H TeMnepaxype 510»C: a) b cpe/je reKcacpTopima BOjnxppaMa (WF 6 ) 
h Boaopoaa (H 2 ) np H hx cooTHomeHHH 0,045 b xeneHHe 1 mhh h 6) b cpeae 
20 WF B , H 2 h npn cooTHomeHHH W£ k H 2 pa B HOM 0,045 h coothoiuchhh 

C 3 H a k H 2 paBHOM 0,35 b TeneHHe 50 mhh npa npeuBapHTejibHoS 
repMoaKTHBamiH CjHg npn 520»C h jiaBJieHHH peaKUHOHHOH CMecn 42 Kna. 
OnepauHH "a" h "6" noBTopmoTCfl nocJieuoBarejibHo 12 pas. XHMHHecKHH aHajras 
noKpbiTHH noKa3an coflepacamie <pTopa 3,0 -10 1 Bee. % 
25 B peayjibtare nojiynaeM KOHCTpyraiHOHHWH MaTepnaJi, HMeiomHH ocHOBy H3 

HHTpHflOKpeMHHeBOH KepaMHKH H KOMHOSHUHOHHOe nOKpblTHe H3 12 

nepeayiowHxcH cJioes W H CMecn W c W l2 C tojiiuhhoh 0,7 h 16 mkm 
cooTBeTCTBeHHo, npH cooTHomeHHH hx TOJimHH 1:22,8 h oomeii tojiiuhhoh 

KOMHOSHUHOHHOrO noKpbiTHH 204 MKM. CpeUHiW MHKpOTBepUOCTb noKpbiTHH - 

30 2220 Kf/MM 2 . 
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IIpHMep 24. 

06pa3e U H3 THTaHOBoro ciuiasa BT 1 c HaHeceHHWM H a Hero cnoot HHKeJia 
tojhuhhoh 2 mkm MarHeTpoHHMM pacim^HHeM B^epacKBaexc* b peaKUHOHHOH 
KaMepe rrp H xeMnepaxype 600«>C: a) B cpeae reKcacpxopHaa BO^cppaMa (WF 6 ) 
5 h BO*opoaa <H 2 ) n P H hx cooxHonieHMH 0.09 B xeneHHe 3 mhh h 6) b cpeae WF 8 

H 2 H C 3 H 8 n P H COOXHOHieHHH WFg kHj paBHOM 0,09 H COOXHOHieHHH C^K H 2 

paBHOM 0,7 b xeneHHe 40 mhh h P h npe^apHxeJiBHOH xepMoaKxraaum, C 3 H 8 npn 
720-C h ziaBJieHHH peaKUHOHHOH cMecn 5,2 iclla. OnepauHH "a" h "6" 
noBTopniOTca nocJieaoBaTejrbHO 7 pa3. 
,0 B peay^xaxe no^aeM kohcxpvkhhohhmh Maxepna,. hmchmhhh ocHOBy H3 
cn^aBa BT 1 c npoMeacyxoHHMM c*oeM hkk^h TOJimHHOH 2 mkm . 
KOMnoaHUHOHHoe noKpbrxne hs 7 W k,uu«c* caoe. W . cMecH W c W 2 C 
tojhhhhoh 4,2 > 21.5 mkm cooxBexcxBeHHO n P H cooxHomeHHH hx xojuuhh 1:5,1 
„ o6meii xoiimHHOH KOMnoanuHOHHoro noKphixH* 179,9 mkm. Cpejmxa 
15 MHKpoxBepaocxb noKpbrnw - 1830 kIVmm 2 . 

IIpHMep 25. 

06pa 3 eu H3 HHCxpyMeHxaJibHOH cxa™ 3X3M3<D c HaHeceHHMM Ha Hero uooi 

HHKeJIH TOJIIUHHOH 6 MKM aJieKXpOXHMHMeCKHM MeXOflOM BWflep3KHBaeXCH B 

20 peaKUHOHHOH KaMepe npn xeMnepaxype 500oC: a) . cpe*e reKcacpxopH^a 
Bo^bcppawa (WF 6 ) h Boaopoaa W n P H hx cooxHomeHHH 0,055 . xeneHHe 5 
mhh h 6) b cpeae WF 6 , H 2 h CjH, npn cooxHOUieHHH WF 6 k H 2 paBHOM 0.055 
„ cooxHomeHHH CsHs k -H a paBHOM 0.65 > xe^eHHe 120 mhh n P H 
npeflBapHxe^HOH xepMoaKXHBaiiHH C 3 H 8 np« 560.C h mm peaKUHOHHOH 
25 cMecH 8.8 K IIa. OnepauHH "a" h "6" noBXopHKvrcH nocjie/tOBateabHO 4 paaa. 
B peay^xaxe nojiynaeM KOHcxpyKUHOHHWii Maxepnaji, HMeiomHH ocHOBy hs 
ctjuih 3X3M30 h KOMnosHUHOHHoe noKpwxne H3 4 nepeayioiUHXC* c^ioes W h 
CMecn W c W 3 C xojuohhoh 3,8 h 44,1 mkm cooxsexcxBeHHO, npn cooxHomeHHH 
hx xojnuHH 1:11,6 h o6iue H xojuuhhoh KOMnosnuHOHHoro noKpbrraa 191,6 mkm. 
30 CpeAHaa MHKpoxBepflocxb noKpwxHfl - 1320 kI"/mm 2 . 
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npoMMiUJieHHaa npHMeHHMOCTb 

HaodpeTeHHe Moacer HcnojiMQBaxbca np H ynpoHeHHH cxa^Horo, 
TBe p*ocn*aBHoro > a^Maanoro HHCTpyivt eirra , Koxopbrii npHMeHaerca W 
5 o6pa6oxKK MaTepHajioB pesaHneM Ho^ee SB^erca H aH6o*ee 

nepcneKTHBHoii o&ikim npHMCHeHHH npeaaaraeMOH xexHoaorHH b cb*3H c 

OTCyTCTBHeM KOHKypHpyHDIUHX XeXHOJIOITIH IIOKpWTHKI n P H H3rOTOBJieHHH 

npeccoBoro HHCxpy«eHxa reoMexpn* npn n P OH3BO fl cxBe npoBCOKH, 

Tpv6 npo^HOH npo^KUHK h3 ajnoMHHHHi Mean, cTajin » npy™ Mera^ioB 
10 h cn.aBOB. YKaaaHH^e KapdHflOBO^paMOBue noKpMXHfl mohcho HanocHn, Ha 

HHCTpyMeHTH H CpOpMbI, np^B-B^ ******** H3 

n^acTMacc, CH-xrocaxHKX Mace h spyrnx a6pa3HBH U x CMeceii. 
SpyroH ccpepoH npHMCHBHHS HB^erca HaneceHHe sposhohhoctohkhx noK PM XHH 
H a .onaTKH xy P 6HH, Ha HacaflKH ycraHOBOK rH fl poa6pa3HBHO fi pe3KH, 
15 06 pa6oTKH nosepxHOCxeft, pa3MMBKH nopoabi H x.A. 

HaofipexeHHe nepcnexxHBHO PJiR MaiiiHHOCTpoHTejibHOH oxpac^H n P H 
H3roTOBJicHHH aBTOMo6H jigh , TpaKTopoB , aopoacHbix xanoni . «p. arperaxoB, rae 
„eo6xo OT Ma noB.imeHHaH hbhococtohkoct* xpymHxea A«a«*. Bhccm* 

3KOHOMKHeCKHH S^KT MOHCHO OHJIK1. OT HaHeCeHHfl yKa3aHHbIX nOKpBITHH 

20 «a npeccoBM* HHcrpyMeHT (rniaxnu. xaxpHUbi h t.*.> jm. H3roxo B Ji6HHH 

MafflHHOCXpOHXeJlfaHblX H3fleJIHH. 

06uih P hi>ih KJiacc HecpxeraBOBoro o6opyAOBa H HH (HaBeMHbie, norpy^cubie 
aacocbi, <poHxaHHaa apwaxypa h ap.) Moaeex 6 b m> cyiaecxBe HH o yjryHnieH n P H 

nOMOIUH H3HOCO- H KO P pO3HOHH0CX0HKHX HOKpOT, nO^MeHHblX B 

25 cooxBexcxBHH c HacxoamHM H3o6pexeHHeM. 



3 AMEHflK) IUHft JfflCT (IIPABHJIO 26) 



WO 00/47796 PCT/RU99/00037 

25 

OOPMyJIA H30BPETEHHH 

1. MaxepnaJi juix noKpwnrii, ycroHHHBHX k H3Hocy. apoami n ko PP o3hh 
npeflCTUB^uoiUHii co6oh Kap6nA BOJnxppawa, JiernpoBaHHWH <pxo P OM b 
Kojnreecrae ot 0,0005 ao 0,5 Bee %. 

5 

2. MaxepHaji no n. 1, npeflcxaBJunomHH co6oh MOHOKap6nA BOJibcppaMa WC , 
jjerHpoBaHHbiii cpxopoM b KOJinnecxBe ot 0,0005 ao 0,5 Bee %. 

3. MaTepnaji non.l, npeACxaBJimonmH coooii n OJ ryKa P 6HA BOjnxppawa W 2 C , 
10 jiempoBaHHbiH cpxopoM b KO^ecxBe ox 0,0005 ao 0,5 sec %. 

4. Maxepnaji no n. 1, npeACxasjiHiomHH co6oh cy6Kap6im BOjnxppaMa W 3 C, 
jierapOBaHHMH cpxopoM b KOJiHHecxBe ox 0,0005 AO 0,5 Bee %. 

15 5. Maxepnaji non.l, npeAcxaBJiHiom™ co6oft cy6Kap6HA BOJibcppaxa W l2 C , 
^ernpoBanHbiii cpxopoM b KOjnwecxBe ox 0,0005 ao 0,5 Bee %. 

6. Maxepnaji no n.1-5, oxaHnaioimiiicH xeM, <rro oh AonojraHxejibHO coAepaarr 
(pxopyr^epoflHbie KOMnoammn c coAepacaHHeM yiviepoAa AO 15 sec % h 4>xopa 

20 ao 0,5 Bee %. 

7. Maxepna-i juia noKpwxHii, ycxofiHHBWX k H3Hocy, apoann h Koppoann, 
npeacxaBJiaioiilHH cooon cMecb no Menbuieii Mepe AByx K ap6HAOB Bo.ib4>pa M a, 
^ernpoBannbix cpxopoM b KOjniHecxBe ox 0,0005 AO 0,5 sec. %. h .bosmojkho, 

25 cpxopyrjiepoflHbiMH KOMnosHUHHMH c coAepacaHHeM yraepoaa ao 15 Bee. % n 
(pxopa ao 0,5 Bee. %. 

8. noKpbixne , oxAHHaroineeca xeM, hxo oho BKJHOHaex: 

- BHyTpeHHHfi CJIOH, HaHOCHMblH Ha HO/WOSKKy, BbinOJIHeHHblH H3 BOJIb<p P aMa 

30 h 
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- BHeniHHH cjioik, HUHocHMWH «a yKaaaHHHH BHyTpeHHHH cjioii h conepacaniHii 
K ap6na BOJibtppaMa b cooTBercTBHH c nn.l -6. 

9. IIoKpwTHc no n. 6, ox^aiomeeoi TeM, hto BHeniHHH aoft aono^Hirre^Ho 
5 conepaeHT CMecb KaponnoB BOJiixppaMa b cootbctctbhh c n. 7 

10. IIoKpttTHe no nn. 8 hjih 9, oTJiHHarcineecH TeM, hto BHeniHHH c;ioh 
flonojiHHTejibHo coaepacHT B ojtt<t>paM. 

10 11. noKpwTHe no n. 8 h^h 9, oT^meecn TeM. hto BnemHHH «* 
A onoJiHHTejn.Ho coflepaorr yrjiepofl. 

12. noKpBrme no aioooMy H3 nymcroB 8-11, oTjmHaKHneec* T eM, hto BHyTpeHHHH 
eaot HMeeT lonnonqr 0,5-300 mkm. HapyacHwii «* HMeeT TOJinniHy 0,5 -300 
15 mkm, npn cooTHomeHHH to.oihhbi BHyTpeHHero h napyacnoro c^oeM ot 1:1 no 
1:600. 

13 Cnoco6 nonyw. Kap6 M oB Bojwfrpwa nyrex XHMHHecKoro raaocpaaHoro 
ocaacaeHH* «a narperon noAJioaoce c Hcno^saHHeM cMecH raaoB, 
20- Bumannodt reKcacpTopna Bo^cppaMa, B o fl opoA, yr^epo fl conepacamHH raa, h, 
„e rfnmuo, HHepTHwii ras, oTJiHHaiomHHCH TeM, hto yniepoAcoaepacaniHH 
raa npe flB a P HTe^Ho aKTHBHpyiOT nyreM narpena fl o TewnepaTyp*. 500-850 °C. 

14. Cnoco6 no n. 13, otmohhihch xen, hto b KanecrBe yrJiepoacoflepacainero 
25 ra3a Hcnojib3yioT nponaH. 

15 Cnoco6 no nn. 13 - 14, oTJiHHaiomHHCH TeM, hto nponecc BeayT npn 
fl aB.,eHHH 2 - 150 kUA, xeMnepaxype no^oacKH 400-900 «C, coothouichhh 
yrJiepoACOAepacamero rasa k Boaopoay 0,2-1.7, cooTHomeHHH reKcacpxop^a 
30 BOJib<ppaMa k Boaopoay 0 ,02-0 ,12. 
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16. Cnoco6 no n. 15, oTJinnaioiuHHca tcm, hto nponecc BM yr npn coorHonienHH 
yraepoAcoAepacamero rasa k BOAopoAy 1.0-1.5, reKcatpTopnAa Boawppam k 
Boaopoay 0,08 - 0,10, yrJiepoflCOflepacamHii raa npeABapnrejibno HarpesaroT ao 
TeMneparypw 750 - 850 °C, npn 3tom noJiynaiOT MOHOKap6HA sojibtppaMa WC. 

5 

17. Cnoco6 no n. 15, oT.ranaiomHHCH TeM. to npouecc Beayr npn cooTHonieHHH 
yrJiepoAcoAepacaniero rasa K BOAopoAy 0,75-0,90, reKcacpropnAa BOJibcppawa k 
eoflopoay 0,06 - 0,08, yrnepoHPoaepxamHii raa npeABapnrejibno narpesaraT ao 
xeMneparypbi 600 - 750 °C, npn axon noJiynajor n OJ iyKap6Hfl BOJibcppawa W 2 C. 

18. Cnoco6 no n. 15, oT-TOHaiomHHCH TeM, hto npouecc Besyr npn cooTnomeHHH 
yrapoACOAepacamero rasa K BOAopoAy 0,60-0,65. reKca^Top^a B^pawa k 
Boaopofly 0,05 - 0,055. yrjiepoAcoAepacanurii raa npeaBapnre^Ho HarpeBaiOT ao 
reMneparypM 560 - 720 °C, npn stom noayroor cy6 K ap6HA BOJib<ppaMa W 3 C. 

19. Cnoco6 no n. 15, oT^arciuniic* xeM, hto nponecc BeAyr np« cooTnomeHHH 
yrjiepoAcoAepacaniero rasa k BOAopoAy 0,35-0,45, re K ca<pTO P HAa BOJibcppaMa k 
Boaopoay 0,040 - 0,045, yrJiepoACOAepacaiuHH raa npeaBapnTe.-n.HO HarpeBaiOT 
AO rennepaiypu 500 - 700 °C, npn otom nojrynaioT cy6 K a P 6HA BOAbcppaMa W t2 C. 

20. Cnoco6 no n. 15, oTjnwaioiUHHca TeM, hto npouecc Beayr npn cooTHoniennH 
yr^epoAcoAep^amero rasa k BOAopoay 0,90-1,00, reKcacpTopnAa Bojnxppawa k 
BOAopony 0.07 - 0,09, yrjiepoAcoAepacaumii raa npeABapnTejibHo narpesaioT ao 
TeMnepaTypbi 670 - 790 °C, npu 3tom nojrynaiOT cnecb Kap6nAOB WC h W 2 C. 



15 



20 



25 



21. Cnoco6 no n. 15, or^HaioiUHHCfl TeM. hto npouecc BeAyr npn cooTHomenmi 
yrJiepoAcoAepacamero rasa k BOAopoAy 0,70-0,75, reKcacp-ropuAa BOJibcppana k 
BOAopoAy 0,055 - 0,060, yrjiepoAcoAepacarnnii ras npeABapnrejibHO HarpeBaiOT 
fl o TeMnepaTypbi 580 - 730 °C, npn stom nojiynaiOT cMecb Kap6nAOB W 2 C h 
30 W 3 C. 
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22. Cnoco6 no n. 15, oxJiHMaroiuiriica xeM, mto npouecc Benyr npH cooxHoniemffl 
yxviepoAcoflepacamero raaa k Boaopoay 0,60-0,65, reKcacpxopnaa BOJibcppaMa k 
BOflopo^y 0,045 - 0,060, yraepoflcouepacannra raa npeaBapirreJibHO HarpesaiOT 
no xeMnepaxypw 570 - 700 °C, n P n sxom nojrynaiox CMecb Kap6HAOB W 2 C h 
5 W 12 C. 

23. Cnoco6 no n. 15, orJiHMaiomHHcn xeM, mxo npouecc Beuyx n P n cooxHoinemu* 
yr^epoacoaepacamero raaa k soziopoay 0,45-0,60, reKcacpxopuaa BOJibcppaMa k 
Bonopoay 0,045 - 0,050, yrJiepoflcoaepacaiiiHH raa npeABapnxeJibHO HarpeBaiox 
10 ao xeMnepaxypw 550 - 680 °C, npn axoM nojryMarox CMecb Kap6uzioB W 3 C n 



W I2 C 



24. Cnoco6 no n. 15, ox,THMaioiUHHca xeM, mxo npouecc aeayx npn cooraouienuH 
yrJiepoAcoaepHcamero rasa k Boaopoay 0,65-0,70, reKcacpxopuaa sojuxppaMa k 

15 Boaopoay 0,045 - 0,060, yrviepoflcoaepacamHii raa npejBapHxejibHo HarpeBaiox 
ao xeMnepaxypw 570 - 710 °C, npH 3xom nojryMaiox c M ecb K ap6nflOB W 2 C, W 3 C 
n W l2 C. 

25. Cnoco6 no n. 15, oxjiiraaioiuHiiai xeM, mto npouecc Beayx npn cooxHomeHim 
20 yr.iepo4CO fl ep>Kamero rasa k Bo/topoay 0,70-0,90, reKcacpxopnaa Bo;ib<ppaMa k 

BOflopony 0,08 - 0.09, yrjiepoflcoaep>KaiuHH raa npeflBapnxejn>HO HarpeBaiox no 
xeMnepaxypw 600 - 720 °C, np H sxom nojrynaiox CMecb K ap6aaa WC h 
BOJibcppaMa. 

25 26. Cnoco6 no n. 15, oxjiHMaioiUHiica xeM, mxo npouecc Beayx npn cooraonieHHH 
yrjiepoflcoaepacamero rasa k Bouopoay 0,70-0,90, reKca^xopnaa B o;ib<ppaMa k 
BOAopoay 0,08 - 0,09, yrJiepoflcoflep»amHH ra3 npeflBapHxejibHo HarpeBaiox no 
xeMnepaxypw 600 - 720 °C, npn 9Xom nojryMaiox CMecb Kap6naa W 2 C n 
BOJib<ppaMa. 

30 27. Cnoco6 no n. 15, ox^HMaioiUHHCH xeM, mto npouecc Beayx npn cooraoineHHH 
yr^epoflcouepacamero rasa k Boaopoay 0,60-0,65, reKcacpxopiwa BOJibcppaMa k 
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BOAopoay 0,055 - 0,070, yrJiepoacoaepacaiuHH raa npeaBapirrejibHO HarpeBaioT 
ao TeMnepaTypbi 560 - 700 °C, npu stom nojiynaioT CMecb Kap6*wa W 3 C h 
B<wii><|>paMa. 



28. Cnoco6 no n. 15, oTJUiHaiomnHCH TeM, hto npouecc Beuyt npn cooTHonieram 
yiviepoacoaepacamero rasa k Boaopoay 0,20-0,35, reKca^Topiwa BOJib^paMa k 
BO/iopoay 0,045 - 0,070, yrjiepoacoaep^aiUHH raa npeABapHTejn>HO HarpeBaioT 
ao TeMneparyphi 500 - 680 °C, npH stom nojiynaioT CMecb Kap6naa W l2 C h 
BOJib4>paMa. 



10 



29. Cnoco6 no n. 15, oTJimaioiuHHca TeM, hto npouecc Be^yr npH cooTHOinemni 
yrjiepoacoaepacamero rasa k Boaopoay 0,35-0,60, reKca^Topiwa BOJibcfraMa k 
Baaopoay 0,05 - 0,07, yrjiepoacoaepacaiuHH raa npeaBapirrejibHO HarpeBaioT &o 
TeMnepaTypbi 500 - 680 °C, npn stom nojiynaioT CMecb Kap6*moB W 3 C, W l2 C h 

15 BOiH>4>paMa. 

30. Cnoco6 no n. 15, oTJinnaionmHCH TeM, hto npouecc Be^yT npH cooTHomeHHH 
yrjiepoflco/iep^caiuero rasa k Boaopoay 1,50-1,70, reKca^Topitaa BOjn>4>paMa k 
BOAopozxy 0,10-0,12, yrjiepoflcoflepacaiUHi* raa npeABapjrrejibHo HarpeBaioT zio 

20 TeMnepaTypbi 750 - 850 °C, npH stom nojiynaiOT CMecb Kap6ima WC h yrjiepoaa. 

31. Cnoco6 HaHeceHHH Ha noiuioaocH, npeHMyuiecTBeHHO Ha ko HCTpy KUHOHHbie 
MaTepHaJibi h H3/iejiHH H3 hhx, noicpbrra*, BKjnoHaromero b ce6n BHyTpeHHHH 
cnoii BOJib4)paMa h BHenmnn cjioh, coaepacaiUHH cy6icap6na BOJH>cJ>paMa W l2 C, 

25 oTJinMaiouxHiicH TeM, hto oh BianonaeT b ce6fl c^eayioiUHe crazum: 



a) noMemeHHe no/x.no>KKH b peaKTop XHMHHecicoro ra30<|)a3Horo ocaacseHHa, 
6) BaKVVMHpoBaHne peaKTopa , 

b) HarpeB yica3aHHOH hoajiojkkh, 

30 r) noaany b peaKTop reKca^Topwaa BOJib4>paMa h BOAopojxa, 
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A) BbiaepacHBaHHe noAJioaocH b yicasaHHOH rasoBOH cpeAe b TeneHHe BpeMeim, 
Heo6xo;iHMoro ana o6pa30BaHH* Ha noA-noaoce cjioh BOjn>c|>paMa, 
e) noAany b peaKTop AonoJiHHTejibHO k yicasaHHbiM reKcacJyropHAy BOjn>4>paMa 
h BOAopo/xy yTJiepoACOAepacanxero rasa, npnneM yrjiepoacoAepacaiHHH raa 
5 npeflBapirrejibHo TepMHMecKH aKTHBHpyiOT, 

*c) Bbmep^cHBaHne noAJioacKH b raaoBOH cpeAe, o6pa3o B aHHOH Ha cTaAHH e) b 
xeneHHe BpeMeHH, Heo6xoAHMoro a** o6pa30BamiH Ha noAJioaace BHeniHero cjio*, 
coAepacamero Kap6HAbi BOJib^paMa hjih hx cmcch Meacay co6oh, c BOJibcfcpaMOM 
hjih cbo6oahi>im yrJiepoAOM. 



10 



32. Cnoco6 no n. 31, oTJiHHaroiuHHca TeM, hto npouecc Be,ayT npH AaBJieHHH b 
peaicrope 2-150 kIIA, TeMnepaType hoajiohckh 400-900 °C, coothoihchhh 
yrJiepoAcoAepacamero rasa k BOAopoAy 0,2-1,7, cooraoineHHH rexcac^TopHAa 
BOJib4>paMa k BoaopOAy 0,02-0,12. 



15 



33. Cnoco6 no n. 31, oTjranaiomHHCH TeM, hto nepeA HaneceHHeM noicpbrrHJi Ha 
MaTepHajiM hjih HSAejiH* hs MaTepnaJioB, Bbi6paHHHX H3 rpynnbi, BKJnonaiomeH 
aceJie3o, yrjiepoAHCTbie cnum, HepacaBeiomHe CTajra, nyryHbi, THTaHOBbie 
cnJiaBM, THTaHOCOAep^camne TBepAbie cnjiaBM, Ha hhx HaHOCHT noKpbrrae H3 

20 MaTepHaJIOB, XHMHHeCKH CTOHKHX BO 4>TOpHCTOM BOAOpOAe, B HaCTHOCTH, HHKeJIH, 

Ko6ajibTa, MeAH, cepe6pa, 30jioTa, nJiaraHbi, HpHAHa, TaHTaJia, MOJin6AeHa, hx 
cnJiaBOB, coeAHHeHHH h CMecen nyreM ajieiapoxHMirHecKoro hjih XHMHHecKoro 
ocaacAemm H3 boahwx pacTBopoB, 3JieKTpojiH3a pacnjiaBOB, 4>H3HHecKoro H 
XHMHHecKoro ra3o4)a3Horo oca^caeHKH. 



25 



34. Cnoco6 no n. 32, OTJiHHaiomHHCH TeM, hto npouecc Bejxyr npH cooTHonieHHH 
yrjiepoACOAepacamero rasa k BOAopoAy 1,00-1,50, reKca4)TopHAa BOJib<J>paMa k 
Bo/topoay 0,08-0,10, yr;iepoACOAep»camHH ra3 npeABapirrejibHO HarpeBaioT ao 
TeMnepaTypbi 750-850 °C , npn 3tom nojiynaioT BHeiHHHH cjioh, coAepacaiuHH 
30 MHOKap6nA BOJib4>paMa WC. 
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35. Cnoco6 no n. 32, cmnrauoiUHHca -km, hto npouecc Beayr npn cooraonieHHH 
yraepoacoaepacaiuero raaa k Boaopoay 0,75-0,90, reKcacpropuaa soabcppaMa k 
Boaopoay 0,06-0,08, yraepoacoaepacaiiniH raa npeaBapmreabHO HarpeBaioT ao 
TeMnepaTypw 600-750°C , npw stom noaynaiOT bhciiihhh caoii, coaepacanraii 

5 nojiyKap6na BOJiicppaMa W 2 C. 

36. Cnoco6 no n. 32, oTaHHaroaoriica TeM, hto npouecc Beayr npn cooTHouiemra 
yraepoacoaepacamero raaa K Boaopoay 0,60-0,65, reKcacpTopuaa B oab<ppaMa k 
Boaopoay 0,050-0,055, yraepoacoaepacauiHH ras npeaBapnTeabHO HarpeBaioT ao 

10 TeMnepaTypw 560-720°C, npn 3 tom noaynaiOT BHemHHH caoii, coaepacaiUHii 
cy6icap6HA BoabcppaMa W 3 C. 

37. Cnocoo no n. 32, crraHHaiomHHCH TeM, hto npouecc BeayT npn cooTHOineHHH 
yraepoacoaepacamero rasa k Boaopoay 0,35-0,40, reKcacpropuaa BoawppaMa k 

15 Boaopoay 0,040-0,045, yraepoacoaepacaunui ra3 npeaBapnTeabHO HarpeBaioT no 
TeMnepaTypw 500-700°C, npn stom noaynaiOT BHeunniH caoii, coaepacaumii 
cy6Kap6aa Boab<ppaMa W l2 C. 

38. Cnoco6 no n. 32, oTaHHaioiinriica TeM, hto npouecc BeayT npn cooraoiueHHH 
20 yraepoacoaepacaiuero rasa k Boaopoay 0,90-1 ,00, reKcatpropHaa soabcppaMa k 

Boaopoay 0,07-0,09, yr-iepoacoaepacamnii raa npeaBapnTeabHO HarpeBaioT ao 
TeMnepaTypw 670-790°C, npn stom noaynaiOT BHeuniHH caoii, coaepacanmfi 
cMecb Kap6naoB WC c W 2 C. 

25 39. Cnoco6 no n. 32, oTamaionnnica TeM, hto npouecc BeayT npn cooTHoiueHHH 
yraepoacoaepacamero rasa k Boaopoay 0,70-0,75, reKcacpTopnaa BoabcppaMa k 
Boaopoay 0,055-0,060, yraepoacoaepacamHii raa npeaBapnTeabHO HarpeBaioT ao 
TeMnepaTypw 580-730°C, npn stom noaynaiOT BHenmnH caoii, coaepacaiuni* 
CMecb Kap6naoB W 2 C c W 3 C. 

30 
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40. Cnoco6 no n. 32, oTJiHHaromHikca TeM, hto npouecc Beayr npn cooTHouieraiH 
yrjiepoflcoaepacamero rasa K BOflopoay 0,65-0,70, reKcacpTopuaa sojiwppaMa k 
BOAopoay 0,045-0,060, ynnepoflcoaepKaiuHH raa npeflBapirre^HO HarpeBaioT no 
TeMnepaTypw 570-7 10°C, npa »tom nojrynaiOT BHeuiinm cjioh, coaepacamHii 

5 CMecb Kap6iiaoB W 2 C, W 3 C H W, 2 C. 

41. Cnoco6 no n. 32, oTJnwaioraHHCH TeM, hto npouecc BeayT npn cooTHOineHHH 
yrjiepoflcoaepacamero rasa k Boaopoay 0,60-0,65, reKcatpTopuaa BoabcppaMa k 
BOflopocry 0,045-0,060, yrjiepoflcoaepxawira ras npeflBapirreJibHO HarpeBaioT no 

10 TeMnepaxypw 570-700°C, npn 3tom no-TynaiOT bhcuihhh cjioh, couepacaiUHH 
cMecb Kap6naoB W 2 C h W l2 C. 

42. Cnocoo no n. 32, oTjnwaromHjica TeM, hto npouecc Beayr npn cooTHOineHHH 
yr-nepoflcoflepacamero raaa k Boaopooy 0,40-0,60, reKcacpTopnaa BoracppaMa k 

15 BoaopoAy 0,045-0,050, ymepoacoAepacamiui raa npeaBapirrcibHO HarpeBaioT no 
TeMnepaTypw 550-680°C, npn stom ncnynaioT BHenmmi cjioii, coflepacamirii 
CMecb Kap6aaoB W 3 C h W l2 C. 

43. Cnoco6 no n. 32, OTJiHHaioiuHHCH TeM, hto npouecc Beayr npn cooTHomeHHH 
20 yrjiepoucoaepacamero rasa k Boaopoay 0,70-0,90, reiccacpTopHaa B ojib<ppaMa k 

BOflopoay 0,08-0,09, yrjiepoflcoaepacaiUHM raa npefl B a P HTejibHO HarpeBaioT ao 
TeMnepaTypw 600-720°C, npn stom nojiynaiOT BHeniHHii cjioft, coziepacainHii 
CMecb Kap6naa W 2 C c BOJibcppaMOM. 

25 44. Cnoco6 no n. 32, OTjnrnaioniHHca TeM, hto npouecc venyr npn cooTHOineHHH 
yrjiepozicoflepxcamero rasa k Boaopoay 0,60-0,65, reicca<pTopH,aa BOJibtppaMa k 
Boaopoay 0,055-0,070, yrjiepoflcoaepacaiuHH ra3 irpeflBapHTejibHo HarpeBaioT ao 
TeMnepaTypw 560-700°C, npn stom nojiynaiOT BHemmra anoft, coaepacaimrii 
cMecb Kap6aaa W 3 C c BOJibcppaMOM. 

30 
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45. Cnoco6 no n. 32, oTJiHHaiomHHca T eM, hto npouecc sexy? npH cooTHoiueram 
yr.iepoiXcoziep:Kauiero rasa k Boziopoiiy 0,35-0,60, reKcac|>Topiua BOJibcfcpaMa k 
Bozxopoay 0,050-0,070, ymepozicoziep>KamiiH ras npeaBapirreJibHO HarpeBaioT ao 
TeMnepaTypbi 500-690°C, npn stom noiiynaioT BHeuiHHii cnofi, coaepacauiHH 

5 CMecb Kap6HAOB W 3 C h W l2 C c BOJib(|)paMOM. 

46. Cnoco6 no n. 32, oTJiHHaiomHHCH TeM, hto npouecc Be/iyr npn cooTHonieHHH 
yr.iepoacozxep^aiuero rasa k Boaopoay 0,20-0,35, reiccac^Topima Bo;n>4>paMa k 
BOAopoay 0,045-0,070, yrjiepoacoaepacauiHH raa npeaBapirre-ibHO HarpeBaioT ao 

10 TeMnepaTypbi 500-680°C, npw stom noJiynaiOT BHeimnin c.ioii, coaepacamHii 
oiecb Kap6tma W 12 C c BO-ibc^paMOM. 

47. Cnoco6 no n. 32, oTjmnaioiiiHHoi tcm, hto npouecc BeayT npH cooTHomeHHH 
yr-iepoiicoiiep;Kamero rasa k Boaopoay 0,70-0,90, reKca^Topiua BOJibc|>paMa k 

15 Boziopoay 0,08-0,09, yrjiepoacoaepacaiimH ra3 npesBapHTe.ibHO HarpeBaioT ro 
TeMnepaTypbi 600-720°C, npH stom nojiynaiOT BHeinmra cjioh, coaep>KaiiiHH 
CMecb Kap6ima WC c Bo;ib4>paMOM. 

48. Cnoco6 no jiio6omv H3 nyHKTOB 31-47, oTJinnaioiiinHCfl TeM, hto noKpbiTHH 
20 naHOc^T Ha y3.Tbi TpemiH. 

49. Cnocoo no Jiio6oMy H3 nyHKTOB 31-47, oTJinHaiomiiiicn TeM, hto noKpbiniH 
HaHocHT Ha c|)opMyiomHH HHCTpyMeHT hji* o6pa6oTKii MaTepna.ioB AaBJieHHeM. 

25 50 Cnoco6 no jno6oMy H3 nyHKTOB 31-47, OTjiHHaioiniiHCH TeM, hto noKpbrom 
HaHocHT Ha V3.™ Maimm h MexaHH3MOB, pa6oTaioiwix co oKaTbiMH ra3aMH H 

>KIiaKOCTHMH H.TH HHblX nHeBMOTOHpaBJTHHeCKIIX CHCTeM. 



51. MaTepnaJi, BKJiiOHaiomHH: 
30 - noiiJiOECKy H3 KOHcrpyiouHOHHoro MaTepnajia; 
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- HaHeceHHoe Ha yica3aHHyio no/uioaacy noKpbnue, npmeM noKpbrrae BKjnonaeT 

BHyTpeHHHH CJIOH, BbmOJIHeHHblH H3 BOJIb<£paMa, H BHeniHHH CJIOH, COitep^CaiUHM 

Kap6na BOjn>4>paMa, jiernpoBaHHbiH 4>TOpOM B KOJiiraecTBe ot 0,0005 no 0,5 Bee. 
% h ,bo3MO>kho, 4>TopyrjiepoAHbiMH komiio3HUHHMH c coaepacaHHeM yrJiepo,na no 
5 15 Bee % h cJ)TOpa no 0,5 Bee. %. 

52. MaTepnaji no n. 51, y KOTOporo Kap6na BOjn>4>paMa npeflCTaBJineT co6oii 
MOHOKap6na WC. 

10 53. MaTepaaJi no n. 51, y KOToporo Kap6nii BOjib(£paMa npeacTaBJweT co6on 
nojiyKap6nA W 2 C. 

54. MaTepnaji no n. 51, y KOToporo Kap6ita BOJib4)paMa npejicTaBJUieT co6oh 
cy6Kap6aa W 3 C. 

15 

55. MaTepHaji no n. 51, y KOToporo Kap6na BOJib<t>paMa npe/icTaBJifleT co6oh 
cy6Kap6HA W J2 C. 

56. MaTepnaji, BKjnonaiomHH: 

20 - nozuioaeicy H3 KOHCTpyxuHOHHoro Marepnajia, 

- HaHeceHHoe Ha yica3aHHyio nofljioacicy noKpbrrae, npuneM noKpbiTHe BKJHonaeT 
b HyTpeHHMH cjioh H3 B0jn>4>paMa h BHeniHHH cjioh, coziepacainHH cMecb no 
MeHbinen Mepe AByx Kap6n£OB BOJibc^paMa, jierapoBaHHbix <|>TopoM b KOJiKHecrae 
ot 0,0005 no 0,5 Bee. % h, bo3moecho, (Jn-opyrjiepofliibiMH KOMno3HHH*MH c 

25 coaepacaHHeM yrJiepona no 15 Bee. % h c|>Topa no 0,5 Bee %. 

57. MaTepnaji no n. 56, OTJinHaiomnHc* TeM, hto BHeniHHH cjioh co/iepacHT CMecb 
Kap6nsoB BOJU><|)paMa WC h W, 2 C. 

30 58. MaTepnaji no n. 56, OTJiHMaiomHMCH TeM, hto BHeniHHH cjioh coaepHCHT CMecb 
Kap6naoB BOJibc|)paMa W 3 C h W 2 C. 
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59. MaTepnaji no n. 56, oTJiHHaiomHHca TeM, hto BHeniHHH cjioh coAepaarr cMecb 
Kap6nzioB BOJib<|)paMa W 3 C h W t2 C. 

60. MarepnaJi no n. 56, otjihh aiomHHCH TeM, hto BHeinmrii cjioh coiiepHCHT CMecb 
5 Kap6naoB BOJibcJ>paMa W 2 C h W 12 C. 

61. Marepuaji no n. 56, oTJiHHaiomHHCH TeM, hto BHeniHHH cjioh coaepaorr CMecb 
Kap6naoB BOjib4>paMa W 2 C, W 3 C h W l2 C. 

10 62. MaxepHaji no nn. 52-61, OTJinnaioinHHca TeM, hto BHeuiHim cjioh 
40nOJIHHTeJIbHO coaepacHT BOJib4>paM. 

63. MaTepnan no nn. 52-61, oTJiHHaiomHHca TeM, hto BHeniHHH cjioii 
aonoJiHHTe.ibHo cozxep^CHT yrjiepoii. 

15 

64. MaTepnaJi no nn. 52-63, oTJinnaioiUHHCH TeM, hto BHyrpeHHHH cjioh HMeeT 
tojiiuhhv 0,5-300 mkm npn cooTHoineHHH tojiihhhw BHyrpeHHero h BHeniHero 
cJioeB ot 1:1 jxo 1:600. 

20 65. MaTepnaji no nn. 52-64, oTJinHaioiUHHC* TeM, hto BHeniHHH cjioh no^oaocH 
coaepaciiT cn/iaBbi c coaep^caHHeM HHKejra Bbime 25 st. %, HanpHMep, HHBap, 

HHXpOM, MOH3JIb. 

66. MaTepnaJi, nojiyneHHbiH cnoco6oM no jno6oMy H3 nn. 31-47. 

25 

67. MHorocjioHHoe noKpbmie, BbinojmeHHoe H3 HepeziyiomHXcs cjioeB 
BOJibc}>paMa h cnoeB, co/iepacaniHX Kap6na B0jn>4>paMa b cootbctctbhh c nn. 1 - 

6,. 
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68. MHorocjiofiHoe noKpMTHe, BbinojmeHHoe H3 HepeayiomHXca cjioeB 
BOJU>4>paMa h cjioeB, co/xepacainHH cMecb Kap6HjjoB BOJibc^paMa b cootbctctbhh 
c n.7. 

5 69. MHorocJioHHoe noKpbrrae no nn. 67-68, oTJinnaioiueecH TeM, mto oxaeJibHbie 
ero cjioh HMeioT TOJimimy ot 2 jjo 10 mkm npH cooraonieHHH tojiuihhm 
HepetfvxnUHXCs cjioeB ot 1:1 no 1:5- 

70. Cnoco6 HaHeceHH* Ha noflJioHCKH, npeHMymecTBeHHO Ha ko h cTpy kiih oHHbie 
10 MaTepHajiw h nsnemix H3 hhx, MHorocjiowHoro noKpbrmH b Biuxe nepe/iyioiuHXCH 
cjioeB BO.ib4>paMa h c;ioeB, coaepacamnx Kap6na BOJn>4>paMa, hjih hx cmcch 
Meacay co6oh, c BOJibo>paMOM hjih cboooahmm yrjiepo/ioM, BKjnonaioiiXHH b ce6* 
cjie/iyiomHe ctbjpsk: 

a) noMemeHHe no^Jio^cKH b peaKTop XHMHHecKoro ra300>a3Horo ocancaeHHH, 
15 6) BaKVVMHpoBaHne peaicropa , 

b) HarpeB yiea3aHHOH noflJioacKH, 

r) nozxany b peaKTop reKcatjrropHaa BOJib(J>paMa H Boaopoaa, 
a) Bbiaep^cHBaHHe nozuio^CKH b yica3aHH0H ra30BOH cpeae b TeneHHe BpeMeHH, 
Heo6xo^HMoro ajih o6pa3oBaHHH Ha nojuioacxe cjioh BOJib4>paMa T 
20 e) noflany b peaKTop aonojiHHTejibHO k yKa3aHHMM reKcacJ>TopHAy BOJib<|>paMa 
w Boxiopofly yrjiepoacoziepHcamero ra3a, npnneM yrJieponconepacaiiiHH ra3 
npe^BapHTejibHO TepMHMecKH aKTHBHpy iot , 

>k) Bbi^ep^cHBaHHe noflJioaocH b ra30BOH cpe^e, o6pa30BaHHOH Ha craflHH e) b 
TeneHHe BpeMeHH, Heo6xo/iHMoro zuih o6pa3 ob aHHH Ha noAJioaace cjioh, 
25 co^aep^camero xap6H^ BOjn>4>paMa hjih cmcch Kap6iiaoB BOJib4>paMa Meacay 
co6oh, c BOJib<J>paMOM h yrjiepoaoM, npHMeM crrajjHH r-3K> noBTopaiOT 
MHoroKparao juix o6pa30BaHKH nepeayioiimxcfl cjioeB BOJih4>paMa h cjioeB, 
coaepacamax Kap6n^bi BOJibcJjpaMa. 

30 71. Cnoco6 no n. 70, OTJiHnaiomHHCH TeM, mto npouecc BeayT npH AaBJieHHH b 
peaKTope 2-150 kIIA, TeMnepaType noflJioaocH 400-900 °C, cooTHOiueHHH 
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yrjiepoacoaep^iuero rasa k BOflopo/iy 0,2-1,7, cooTHonieHHH reKcacJrropima 
BOjn>4)paMa k BOflopoziy 0,02-0,12. 

72. Cnoco6 no n. 70, oTjranaiomHiic* TeM, hto nepea HaHeceHHeM noKpbmia Ha 
5 MaTepwajiw hjih nuejoui H3 MaTepHajioB, Bbi6paHHMX H3 rpyimw, BKjnonaiomeH 
acejieso, yrjiepo/uicTbie crajiH, HepacaBeiomHe cTajm, nyryHbi, THTaHOBbie 
cniiaBbi, THTaHOco^ep^camHe TBepabie cnJiaBM, Ha hhx HaHocHT noRpwrae H3 
MaTepwaJiOB, xhmhhcckh ctohkhx bo 4>tophctom BOAopaae, b nacTHocni, HHiceji*, 
Ko6ajibTa 7 Mean, cepe6pa, sojioTa, nJiaraHW, HpHima, TamaJia, MOJiH6/ieHa, hx 
10 cnnaBOB, coe^MHeHHH h CMeceu nyreM sjieKTpoxHMireecKoro hjih XHMHHecKoro 
oca^eHHH H3 BO/iHbix pacTBopoB, 3JieKTpOJIH3a pacnJiaBOB, 4)H3HMeCKOrO H 
XHMHHecKoro ra30<j>a3Horo ocaacaeHHH. 

73. Cnoco6 no ;no6oMy H3 nyHKTOB 70-72, oTJiHnaiomHHCH TeM, hto noKpbrraie 

15 HUHOCHT Ha y3-lbl TpeHHH . 

74. Cnoco6 no jno6oMy H3 nn. 70-72, oTJimaioiUHHCH TeM, hto noKpbirae 
HaHocHT Ha 4)opMVK>uiHH HHCTpyMeHT ajih o6pa6oTKH MeTajuioB ^aBJieraieM. 

20 75. Cnoco6 no Jiio6oMy H3 nn. 70-72, OT.ranaiomHHCH TeM, hto noRpbrrae 
HaHocHT Ha y3Jiw ManiHH h MexaHH3MOB, pa6oTaiomHX co cacaTbiMH ra3aMH h 

5KHAKOCTHMH HJIH HHblX nHeB M OTHiXpaB JIHHe CKHX CHCTeM. 

76. KoHCTpVKUHOHHblH MaTepHajI , BKJIK>HaK>UIHH nOflJIOKKV H MHOTCJIOHHOe 

25 noKpbiTHe, BbinojiHeHHoe H3 nepeayiomHxca cjioeB BOiibc|>paMa h cjioeB, 
coaepscaiimx xap6Hfl BOjn>4>paMa, jierHpoBaHHbril (JrropoM b xojiiraecTBe ot 
0,0005 no 0,5 Bee. % h, bo3MO*cho, 4>TopyrjiepozmbiMH KOMno3HmiHMH c 
co/xep/KaHHeM yrjiepojia so 15 Bee. % h 4>TOpa no 0,5 Bee. %. 

30 77. MaTepnaji no n. 76, y KOToporo Kap6H/i BOJibcfcpaMa npescTaBjraeT co6oh 
MOHOKap6H/i BoJibcj5paMa WC. 
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78. MaTepHaji no n. 76, y KOTOporo Kap6na BOJibcJ)paMa npe/xcraBJiHeT co6oh 
nojiyKap6na BOJn>c})paMa W 2 C. 

79. MaTepna.1 no n. 76, y KOToporo Kap6nn BOJib<i)paMa irpeacTaBjmeT co6oh 
5 cy6Kap6na BOJib<|)paMa W 3 C. 

80. MaTepnaji no n. 76, y KOToporo Kap6na Bojib<})paMa npeacTaBjraeT co6oh 
cy6Kap6HA BOJib<i>paMa W 12 C. 

10 81. KoHCTpyicnHOHHbiH MaTepnaji, BK-nonaioiiuiH noiiJioacKy h MHorocjiofiHoe 
noKpbiTHe, Bbinc/meHHoe H3 HepeayioiunxcH cjioeB BOJib4>paMa h cjioeB, 
coaepacamnx cMecb no MeHbaien Mepe .nsyx Kap6nzioB BOJib<i>paMa t 
jierHpoBaHHbix (JrropoM b KOJinnecTBe ot 0,0005 jxo 0,5 Bee. % h, bo3mohcho, 
c^Topyrjiepo^HbiMH KOMno3HiinHMH c coaepacaHHeM yrjiepoaa no 15 Bee. % h 

15 4> TO P a X° 0*5 Bec 

82. MaTepnaji no no n.81, y KOToporo Kap6n ( aHbie c^oh coaepacaT CMecb 
Kap6HnoB BO/ib<j)paMa WC h W 2 C. 

20 83. MaTepnaji no no n.81, y KOToporo Kap6naHbie cjioh coaepacaT CMecb 
Kap6aaoB BOJibcJ)paMa W 2 C n W 3 C. 

84. Marepnaji no no n.81, y KOToporo Kap6nflHbie cjioh couepacaT CMecb 
Kap6H/ioB BOJibcfcpaMa W 3 C h W 12 C. 

25 

85. MaTepnaji no no n.81, y KOToporo Kap6itaHbie cjioh co/xepacaT CMecb 
Kap6imoB BOJib<|)paMa W 2 C h W, 2 C. 

86. MaTepnaji no no n.81, y KOToporo Kap6n/iHbie cjioh co/iepacaT CMecb 
30 Kap6HaoB BOJib4>paMa W 2 C, W 3 C h W 12 C. 
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87. Marepnaji no jnoooMy H3 nyHKTOB 76-86, oTjiHtJuomHHCH reM, 
Kap6nflHbie cioh flonojiHHTejibHo coaepacaT BOJib<ppaM. 

88. MaTepna.1 no jnofoMy H3 nymcroB 76-86, OT.THHawuuriica reM, hto 
5 Kap6nflHbie cjioh AonojiHirrejibHO coaepacaT yrjiepofl. 

89. MaTepHaa.no Jiio6oMy H3 nyHKTOB 76-88, oTjmnaiouaiHca TeM, mto 
oT^-ibHbie ero cioh HMerar TOJimnny ot 2 ao 10 mkm npn cooTHOUiennH 
TOJiiUHHW Hepeayiomnxcfl c<ioeB ot 1:1 OP 1:5. 

10 

90. KoHCTpyKunoHHbrfi Ma-repHaa, noJiyHeHHHM cnoco6oM no jnoooMy hs nymcroB 
70-72. 
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Oco6ue KareropHH ccunoqtaix noicyMCHTOB: 
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poaaHHio h tji. 
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H TJI. 
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